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Introduction: Distinguishing the cellular origin of lung cancer is essential for 
tailored patient care. This pioneering pilot study explores the synergy of 1H-
Magnetic Resonance Spectroscopy (1H-MRS) and 2-[18F] fluoro-2-deoxy-D-
glucose positron emission tomography/computed tomography ([18F]FDG PET/CT) 
in the differentiation of primary squamous cell carcinoma (SCC) of the lung from 
Hodgkin's lymphoma (HL) metastases. 
Methods: Ethically approved, the study enrolled 21 participants with confirmed 
lung lesions (10 SCC, 11 HL). [18F]FDG PET/CT and 1H-MRS were conducted, and 
analyses were performed to assess diagnostic potential. 
Results: Significant differences in [18F]FDG PET/CT parameters (SUVmax BSA, SUVmax 

LBM, and ID%) between SCC and HL were observed. Metabolite concentrations 
(Cho, Lac, Cr) from 1H-MRS also exhibited distinctions. Correlations between PET 
values and metabolite concentrations hinted at links between glucose 
metabolism and molecular composition. 
Conclusion: This study presents an innovative approach, integrating 1H-MRS and 
[18F]FDG PET/CT to distinguish primary from metastatic lung lesions. The results 
hold promise for improving non-invasive diagnostic accuracy and guiding 
targeted therapies. Future research should validate these findings and explore 
the potential for clinical integration. 
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INTRODUCTION 

Lung tumors can be classified based on their 
origin. Tumors that originate within the lung 
tissue, such as squamous cell lung cancer (SCC), 
are referred to as primary, while those 
representing metastatic disease from other 
primary sites, such as Hodgkin's Lymphoma (HL) 
metastasis in the lung, are termed secondary. 
Lung metastases are observed in 35-55% of all 
cancer patients, exhibiting variability depending 
on the specific cancer type [1]. Particularly in the 
context of Hodgkin's Lymphoma (HL), lung 
involvement at the initial presentation is 
documented in 12% of patients [2]. Furthermore, 
the significance of secondary lung cancer 
development following Hodgkin's Lymphoma 
remains a noteworthy concern [3]. Lung tumors 
necessitate distinct management strategies and 
treatment approaches, ranging from surgical 
resection to systemic chemotherapy or targeted 
therapies, underscoring the importance of 
identifying the origin cell for effective treatment 
[4]. Accordingly, ensuring access to reliable 
diagnostic tools is crucial for devising effective 
treatment plans and conducting accurate 
prognostic evaluations. The conventional gold 
standard for determining the origin cells of lung 
lesion involves histopathological examination 
through biopsy. Nevertheless, given the invasive 
nature and associated risks of biopsies [5, 6], as 
well as the heterogeneity of tumoral masses, 
there is a growing interest in non-invasive imaging 
modalities to address these diagnostic challenges. 
Currently, a reliable non-invasive method for 
determining the origin cells of lung cancer is 
unavailable. However, [18F]FDG PET/CT and CT 
have been used to evaluate pulmonary lesions, 
focusing on criteria such as size, shape, rate of 
growth, and nodule metabolism for diagnostic 
purposes; [18F]FDG PET/CT, predominantly 
assesses glucose uptake, while CT, mainly 
provides anatomical features [7-10]. 1H-Magnetic 
Resonance Spectroscopy (1H-MRS) also serves as 
an alternative non-invasive modality to clarify 
tumor histopathology [11]. 1H-MRS is a 
specialized MRI technique with the potential to 
provide a more detailed insight into the metabolic 
characteristics of the lesions. It offers a 
noninvasive assessment of the general metabolic 
profile within malignant lesions, including 
concentrations of lactate (Lac), creatine (Cr), and 
choline (Cho), which play significant roles in 
cellular metabolism and oncogenesis [12-14]. 
These metabolites have been shown to play 
crucial roles in cellular metabolism and 
oncogenesis [15-18]. A multiparametric approach 

integrating 1H-MRS with existing imaging 
modalities like [18F]FDG PET/CT may be 
particularly beneficial in cases where glucose 
uptake is not a reliable discriminator between 
different types of lesions to potentially enhance 
the diagnostic accuracy and/or facilitate possible 
targeted therapeutic interventions.  
The objective of our study is to assess the 
individual and combined capabilities of 1H-MRS 
and [18F]FDG PET/CT in differentiating between 
primary squamous cell lung cancer (SCC) and lung 
metastases from Hodgkin's Lymphoma (HL). Our 
research aims to elucidate whether the 
metabolomic profile provided by 1H-MRS and the 
glucose metabolism data offered by [18F]FDG 
PET/CT yield superior diagnostic accuracy in 
differentiating primary from secondary lung 
cancers, as a pilot study facilitating future non-
invasive diagnostic approaches. 

METHODS 

Ethical considerations 
This study was approved by the institutional Ethics 
Committee (IR.IUMS.FMD.REC.1399.546) and 
adhered to the 1964 Declaration of Helsinki and its 
later amendments. Informed written consent was 
obtained from all participants. 

Study population 
A cohort of 21 participants, comprised of 14 males 
(aged 16-81; mean: 48.00, SD: 21.77) and 7 
females (aged 14-65; mean: 33.43, SD: ±18.00), 
were enrolled. Patients with pathology proven 
primary or secondary lung cancer were included. 
Participants exhibited biopsy-proven pulmonary 
malignant lesions including SCC (10 patients) and 
HL (11 patients), with no prior lung interventions 
such as surgery, radiotherapy, or chemotherapy. 

[18F]FDG PET/CT imaging 
Whole-body [18F]FDG PET-CT scans were acquired 
60 minutes post intravenous administration of 5.5 
MBq/Kg of [18F]FDG, utilizing a Siemens Biograph 
Horizon scanner. Low-dose CT scans were 
performed with CARE DOSE 4D algorithms for 
anatomical reference and attenuation correction. 
Scans had a spatial resolution of 1.2 mm, voltage 
range of 80-110 kVp, and current range of 50-80 
mAs. PET images underwent time-of-flight (TOF) 
and point spread function (PSF) correction, 
reconstructed via OSEM algorithms (3 iterations, 
10 subsets; matrix size 256x256), and smoothed 
with a Gaussian filter (FWHM 5 mm). 

MRS acquisition 
Single voxel spectroscopy (SVS) was conducted on 
a Siemens MAGNETOM AERA 1.5 Tesla scanner, 
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employing an 8-channel phased array body coil 
and Syngo MR EII software. Respiratory trigger 
was used to counter thoracic motion. At first, a 
Turbo spin echo (TSE) sequence (repetition time 
(TR) = 502 mS, echo time (TE) = 58 mS, field of 
view (FOV) = 344x380, matrix = 320x224) 
generated T1-weighted images. SVS was acquired 
via a Point Resolved Spectroscopy (PRESS) 
sequence (TR = 1200 mS, TE = 30 mS, voxel size ≥8 
cm^3, number of signal average (NSA) = 64). For 
outer volume suppression (OVS), six regional 
saturation bands were applied. B1 shim, 
transmitter, and water suppression were 
manually adjusted. Signals were acquired in raw 
data acquisition (RDA) format and processed with 
the Fast Fourier Transform (FFT) algorithm in 
TARQUIN (12) software. 
 

Variables 
Peak alignment was selected at chemical shifts of 
1.33, 3, and 3.2 ppm for metabolites, specifically 
Lac, Cr, and Cho, respectively (Figure 1). The 
concentrations (molarity) of these metabolites 
were logarithmically scaled and reported in Table 
1 to facilitate comparison across three distinct 
molar scales: >0.1 mM, 0.1< mM <0.01, and <0.01 
mM. The minimum detection threshold was 
determined below 0.001 mM and labeled as a 
negative peak.  
In the case of [18F]FDG PET/CT, three different 
maximum standardized uptake value (SUV max) 
metrics were evaluated for each lesion: SUV 
based on body weight (SUV BW), SUV based on 
body surface area (SUV BSA), SUV based on lean 
body mass (SUV LBM), and injected dose 
percentage (ID%). 

 

 

Figure 1. Metabolic profiles of choline, lactate, and creatine in squamous cell carcinoma (SCC) and Hodgkin lymphoma (HL) lesions. This figure 
illustrates variations in metabolite concentrations and their absences in HL compared to SCC, providing valuable insights into the distinctive 
metabolic profiles of SCC and HL 
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Table 1. Summary of clinical and metabolic parameters in lung lesions 

Lesion 

Code 

Age 

(year) 
Gender 

Lung 

Pathology 

Localization & 

Lesion Size (mm) 

(Maximum*Minimum) 

PET Quantification Values 
Peak Presence and Concentration 

(mM) 

SUVmax 

BW 
SUVmax 

BSA 
SUVmax 

LBM 
ID% Choline Lactate Creatine 

1 27 F HL Right middle lobe (lateral segment & 70*42) 8.35 2.04 6.45 9.13 0.01 < > 0.1 0.01 < > 0.1 < 0.01 

2 36 F HL Right upper lobe (posterior segment & 56*49) 5.21 1.28 4.02 5.7 < 0.01 < 0.01 - 

3 21 F HL Right lower lobe (superior segment & 68*51) 6.44 1.58 4.97 7.05 0.01 < > 0.1 0.01 < > 0.1 - 

4 21 F HL Right lower lobe (anterior segment & 93*45) 6.36 1.56 4.91 6.96 0.01 < > 0.1 0.01 < > 0.1 - 

5 23 M HL Left upper lobe (superior-ligular segment & 83*67) 8.28 2.03 6.39 9.06 0.01 < > 0.1 0.01 < > 0.1 < 0.01 

6 19 M HL Left upper lobe (apico-posterior segment & 94*73) 6.68 1.64 5.16 7.31 0.01 < > 0.1 0.01 < > 0.1 < 0.01 

7 33 M HL Left upper lobe (anterior segment & 77*59) 4.71 1.15 3.63 5.15 < 0.01 < 0.01 - 

8 20 M HL Left lower lobe (posterior segment & 120*85) 7.05 1.73 5.44 7.71 0.01 < > 0.1 0.01 < > 0.1 < 0.01 

9 20 M HL Left lower lobe (apico-lateral segment & 170*31) 7.99 1.96 6.17 8.74 0.01 < > 0.1 0.01 < > 0.1 < 0.01 

10 39 M HL Left upper lobe (anterior segment & 55*63) 8.23 2.02 3.36 9 0.01 < > 0.1 0.01 < > 0.1 - 

11 16 M HL Right upper lobe (anterior segment & 42*41) 3.88 0.95 2.99 4.24 < 0.01 < 0.01 - 

12 17 F HL Right upper lobe (apical segment & 25*14) 3.35 0.95 2.51 2.16 - - < 0.01 

13 17 F HL Right middle lobe (lateral segment & 37*28) 3.84 1.09 2.9 2.51 - - < 0.01 

14 14 F HL Right upper lobe (superior segment & 46*32) 12.35 3.5 9.31 8.06 0.01 < > 0.1 < 0.01 0.01 < > 0.1 

15 14 F HL Right upper lobe (lateral segment & 66*64) 11.89 3.38 8.98 7.76 0.01 < > 0.1 < 0.01 0.01 < > 0.1 

16 51 M SCC Right upper lobe (apical segment & 51*49) 3.8 1.15 3.28 19.33 0.01 < > 0.1 0.01 < > 0.1 0.01 < > 0.1 

17 63 M SCC Right lower lobe (posterior segment & 84*52) 3.38 1.02 2.92 17.2 0.01 < > 0.1 0.01 < > 0.1 0.01 < > 0.1 

18 74 M SCC Right lower lobe (anterior segment & 99*64) 4.03 1.21 3.48 20.48 >  0.1 >  0.1 0.01 < > 0.1 

19 68 M SCC Left upper lobe (anterior segment & 45*31) 12.24 3.69 10.57 62.26 >  0.1 >  0.1 >  0.1 

20 55 M SCC Right middle lobe (lateral segment & 83*51) 13.56 4.09 11.71 68.99 >  0.1 >  0.1 >  0.1 

21 55 M SCC Right lower lobe (lateral segment & 72*47) 13.55 4.09 11.71 68.93 >  0.1 >  0.1 0.01 < > 0.1 

22 61 M SCC Right middle lobe (lateral segment & 104*61) 7.92 2.39 6.84 33.18 0.01 < > 0.1 >  0.1 >  0.1 

23 81 M SCC left upper lobe (anterior segment & 193*124) 18.22 5.49 15.73 92.65 >  0.1 >  0.1 >  0.1 

24 81 M SCC Right lower lobe (superior segment & 231*89) 19.66 5.93 16.98 100 >  0.1 >  0.1 >  0.1 

25 69 M SCC left upper lobe (apico-posterior segment & 135*44) 10.39 3.13 8.97 52.83 >  0.1 >  0.1 >  0.1 

26 54 F SCC Right lower lobe (posterior segment & 74*68) 12.19 3.22 8.77 34.79 >  0.1 0.01 < > 0.1 0.01 < > 0.1 

27 65 F SCC Right middle lobe (lateral segment & 92*77) 8.45 2.23 6.08 24.13 >  0.1 0.01 < > 0.1 0.01 < > 0.1 

28 65 F SCC Right lower lobe (posterior segment & 49*23) 8.06 2.27 6.19 24.56 >  0.1 0.01 < > 0.1 0.01 < > 0.1 

29 65 F SCC Right lower lobe (lateral segment & 27*26) 7.84 2.07 5.64 22.37 >  0.1 0.01 < > 0.1 0.01 < > 0.1 
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Statistical analysis 
Descriptive analyses including mean and standard 
deviation (SD) of variables, as well as combined 
analysis incorporating both PET and MRS data was 
conducted to explore whether the integration of 
metabolic and functional data could enhance the 
differentiation between primary (SCC) and 
metastatic lung (HL) lesions. For statistical 
comparisons, the Mann-Whitney U test was 
utilized to evaluate the mean differences in the 
aforementioned parameters between primary 
and metastatic lesions. Additionally, correlation 
between variables was determined using 
Spearman's correlation coefficient (r). The 
statistical software SPSS v.22 was utilized for these 
analyses. A significance level of p < 0.05 was 
considered statistically significant. 

RESULTS 

The first cohort group included 10 patients with 
histologically confirmed lung SCC (10 males, 4 
females, mean age 64.78 ± 9.42 years), 
comprising 14 primary malignant lesions. Second 
group included 11 patients (7 males, 8 females, 
mean age 22.46 ± 7.48 years) with 15 metastatic 
pulmonary lesions. Table 1 presents the collected 
data, which includes histopathologic 
assessments, semi-quantitative measurements 
from [18F]FDG PET/CT scans (Figure 2), anatomical 
lesion locations, as well as maximum and 
minimum lesion diameters and Cho, Lac and Cr 
concentration.  
The mean and SD of the SUV max BW, SUV max BSA, 
SUV max LBM, and ID% for HL patients were as 
follows: (6.97±2.59), (1.79±0.74), (4.14±1.99), 
and (6.70±2.20), respectively. In contrast, the 
corresponding values for SCC patients were 
higher: SUV max BW (10.23±4.84), SUV max BSA 
(2.99±1.47), SUV max LBM (8.49±4.26), and ID% 
(45.83±27.30). 
The Mann-Whitney U test revealed significant 
differences in SUV max BSA, SUV max LBM, and ID% 
values between the SCC and HL groups (SUV max 

BSA: U = 47.00, p = 0.012; SUV max LBM: U = 56.00, p 
= 0.032; ID%: U = 0.00, p = 0.001). However, there 
was no statistically significant difference observed 
in SUV max BW values between the two groups (p = 
0.67). 
This study revealed that the maximum 
concentration of Cho, Lac, and Cr in HL patients 
ranged from 0.01 to 0.1 mM, with the following 
frequencies: Cho = Lac (53.3%) and Cr occurred at 
a rate of 13.3%. In contrast, SCC patients exhibited 
a higher occurrence of Cho, Lac, and Cr peaks 
exceeding 0.1 mM, with frequencies of 71.4%, 
28.6%, and 42.9%, respectively. 

 

 

Figure 2. PET/CT images of two patients. 1.A. MIP image of 

[18F]FDG PET scans of a patient with histopathological 

proved SCC mass in lung. 1.B. Axial CT slice of the chest 

show a mass in the medial aspect of left pulmonary lower 

lobe. 1.C. Co-Reregistered axial [18F]FDG PET/CT Slice 

shows heterogonous increased uptake in mass; 2.A. MIP 

image of [18F]FDG PET scans of a patient with 

histopathological proved Hodgkin's lymphoma lesion in the 

hilum of the left lung. 2.B. Axial CT slice of the chest shows 

lesions in the left pulmonary region. 1.C. Axial [18]FDG 

PET/CT with increased uptake in lesions 
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Notably, Cho and Lac peaks were absent in 13.3% 
of HL patients, and 40% of HL patients lacked a Cr 
peak. In contrast, these peak absences were not 
observed in SCC patients. 
It is considerable that the Mann-Whitney U test 
revealed significant differences in lactate, choline, 
and creatine values between the SCC and HL 
groups (lactate: U = 53.00, p = 0.036; choline: U = 
35.00, p = 0.004; creatine: U = 8.00, p = 0.001). 
A Spearman correlation analysis was conducted to 
examine the association between PET semi-
quantification values and the concentrations of 
Cho, Lac, and Cr. The results demonstrated a 
statistically significant positive correlation 
between PET semi-quantification values and the 
concentrations of Cho (rho = 0.73, p < 0.004) and 
Cr (rho = 0.72, p < 0.027) in the HL group. No 
correlation was observed for Lac levels. 
Furthermore, in the SCC group, there was a 
statistically significant positive correlation 
between the semi-quantification values and the 
concentrations of Cho (rho = 0.63, p < 0.017), Lac 
(rho = 0.57, p < 0.032), and Cr (rho = 0.609, p < 
0.021). These findings suggest a potential link 
between the glucose metabolism activity 
captured by PET imaging and the levels of Cho, 
Lac, and Cr in the pulmonary lesions. 

DISCUSSION 

In this study we assessed the diagnostic utility of 
1H-MRS and [18F]FDG PET/CT in differentiating 
pulmonary malignant lesions showing different 
metabolic profiles in SCC versus HL, such as 
increased lactate levels and heightened glycolytic 
activity, being compatible with more aggressive 
malignant nature of SCC. The results support the 
hypothesis that these imaging techniques, 
individually and in combination, can provide 
valuable insights for diagnosis and treatment 
planning. 
The Mann-Whitney U test results demonstrated 
significant differences in both SUV measurements 
and metabolite concentrations between SCC and 
HL groups (p < 0.05). The SCC lesion showed 
higher SUV values and Lac, Cho, and Cr 
concentrations compared to HL. Additionally, the 
Spearman correlation analysis revealed positive 
correlations (r > 0.57) between PET 
measurements and Cho, Cr, and Lac 
concentrations in both types of malignancy. This 
suggests that integrating metabolic data from 1H-
MRS with functional data from [18F]FDG PET/CT 
could yield a more accurate diagnosis.  
Incorporating data from our study, the observed 
SUV measurements of 6.9 for Hodgkin's 

lymphoma are aligned with findings from other 
studies. For instance, Nagaraj Holalkere's research 
[19] reported a mean SUV max of 6.1 for classical 
and 10.1 for non-classical Hodgkin lymphoma, 
emphasizing the distinctions in [18F]FDG avidity 
among these subtypes. Furthermore, Li 
Hongling's investigation [20] contributed valuable 
insights by encompassing 103 patients revealing 
significant differences in SUVmax mean ± SD. Their 
study demonstrated that non-Hodgkin lymphoma 
exhibited a higher SUVmax (9.8 ± 6.0) compared to 
Hodgkin lymphoma (7.5 ± 2.8). 
Dijkman et al. reported SUVs from [18F]FDG 
PET/CT images can be helpful in differentiating 
metastatic disease from primary tumors with AUC 
of 0.81% in patients with pulmonary lesions [21]. 
Ghossein and colleagues investigated the utility of 
[18F]FDG uptake intensity in distinguishing 
primary lung cancers from secondary lung lesions 
in patients with a solitary malignant pulmonary 
lesion (SMPL) and a previously removed 
extrapulmonary tumor. They utilized SUV max 
SMPL / SUV max Liver ratios and correlated them 
with extrapulmonary tumor grades. Their study 
found that 60% of cases exhibited discordant 
results between [18F]FDG uptake and 
extrapulmonary tumor grade, with 81% of these 
cases correctly identified as primary lung cancers. 
These initial results suggest that a mismatch 
between SMPL/Liver SUV max and extrapulmonary 
tumor grade could effectively differentiate 
primary lung cancer from metastases [10]. 
1H-MRS in lung cancer diagnostics remains largely 
unexplored due to inherent challenges specific to 
lung tissue analysis. The unique characteristics of 
the lung, including air-filled spaces, respiratory 
motion, and low tissue density, pose substantial 
technical hurdles for acquiring precise metabolic 
information through MRS. These complexities 
significantly affect signal intensity, potentially 
leading to artifacts and hindering the accurate 
interpretation of metabolic profiles. However, 
results of 1H-MRS have demonstrated that lung 
cancer mass has higher Lac and Cho signals than 
those of normal tissues [22]. As well, Cho levels 
were significantly higher in malignant lesions 
compared with benign lesions. However, 
according to our knowledge, there is no study 
clarifying the 1H-MRS role in differentiating the 
cellular origin of the lung tumors. 1H-MRS utility 
has been well-documented in neuro-oncology; 
several studies have effectively employed 1H-MRS 
to differentiate between high-grade gliomas and 
metastatic brain tumors, focusing particularly on 
intertumoral Cr levels as a distinguishing 
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biomarker [23, 24]. In primary brain tumors like 
gliomas, Cr is typically present; conversely, absent 
Cr peak can indicate cerebral metastasis. This 
dichotomy in Cr levels is thought to stem from the 
differential metabolic pathways active in primary 
versus secondary brain tumors tumors [25].  
There are some limitations to consider. Mainly, 
this was a pilot experiment with relatively small 
sample size, which could affect the 
generalizability of the findings. Further research is 
needed to validate the diagnostic criteria derived 
from this study across larger, diverse patient 
populations and different imaging platforms. 

CONCLUSION 

Our pilot study provides compelling evidence for 
the combined application of 1H-MRS and [18F]FDG 
PET/CT in differentiating between primary SCC 
and metastatic HL pulmonary  lesions. The 
analysis of molecular composition levels and 
metabolic activity patterns holds promise for 
effectively discriminating between primary lung 
SCC and metastatic HL. Future research should 
focus on the prospective validation of these 
findings and explore the potential of integrating 
these imaging modalities into routine clinical 
practice for more targeted therapeutic 
interventions. 
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