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Background

Synchronous multiple primary malignant neoplasms occurring at the same time (SMPMNS) are not currently uncommon in clinical oncological practice; however, the diagnostic performance of 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) for SMPMNS needs further elucidation.



Purpose

This study aimed to evaluate the application of 18F-FDG PET/CT in patients with SMPMNS.



Materials and methods

The clinical and imaging data of 37 patients with SMPMNS who had undergone 18F-FDG PET/CT from October 2010 to December 2020 were retrospectively analyzed. The kappa consistency test was applied to evaluate the consistency of the diagnostic performance between PET/CT and conventional imaging (CI). The sensitivity, specificity, and accuracy of PET/CT and CI in the detection of metastatic lesions were compared.



Results

This retrospective diagnostic study included 74 lesions identified in 37 patients with SMPMNS, with 94.6% of patients having double primary tumors. Of the incidences of SMPMNS, 18.9% occurred in the same organ system, with respiratory tumors being the most common type of neoplasm (43.2%) and the lung being the most common primary site (40.5%). The overall survival of SMPMNS patients without metastases was longer than that of those with metastases (χ2 = 12.627, p = 0.000). The maximum standardized uptake value (SUVmax), the SUVmax ratio (larger SUVmax/smaller SUVmax), and the difference index of SUVmax (DISUVmax) [(larger SUVmax − smaller SUVmax)/larger SUVmax] of the primary lesions ranged from 0.9 to 41.7 (average = 12.3 ± 7.9), from 0.3 to 26.7 (average = 4.4 ± 6.9), and from 0.0% to 96.3% (average = 50.3% ± 29.3%), respectively. With regard to diagnostic accuracy, PET/CT and CI showed poor consistency (κ = 0.096, p = 0.173). For the diagnosis of primary lesions (diagnosed and misdiagnosed), PET/CT and CI also showed poor consistency (κ = 0.277, p = 0.000), but the diagnostic performance of PET/CT was better than that of CI. In the diagnosis of metastases, the patient-based sensitivity, specificity, and accuracy of PET/CT were 100.0%, 81.8%, and 89.2%, respectively, while those of CI were 73.3%, 100.0%, 89.2%, respectively. The sensitivity and specificity values were significantly different, with PET/CT having higher sensitivity (p = 0.02) and CI showing higher specificity (p = 0.02).



Conclusions

18F-FDG PET/CT improves the diagnostic performance for SMPMNS and is a good imaging modality for patients with SMPMNS.
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Introduction

Multiple primary malignant neoplasms (MPMNs) are defined as two or more unrelated primary malignant neoplasms that occur simultaneously or successively in one or more organs of the same host (1). They are generally diagnosed according to the criteria established by Warren and Gates (2) and are classified as synchronous MPMN (SMPMN) or metachronous MPMN (MMPMN) depending on the interval between the diagnosis of the first and second primary tumors (3), i.e., SMPMN when the second tumor was identified at the same time (SMPMNS) or successively within 6 months after the diagnosis of the first tumor and MMPMN when the second tumor was identified at an interval of more than 6 months. MPMNs can originate from any site, such as the same organ or paired organs (POs). According to published literature on different countries or districts, the reported incidences of MPMNs vary between 0.5% and 11.7% (0.5%–3.7% in China and 0.7%–11.7% in other countries) (4–6) and have been increasing during the last decade in China. The early diagnosis and appropriate assessment of SMPMNS can alter the therapeutic strategy and improve the overall prognosis. Conventional imaging (CI) techniques, including ultrasound (US), computed tomography (CT), magnetic resonance imaging (MRI), and nuclear imaging, have clear limitations due to their regional imaging modality in the detection of SMPMNS.

Positron emission tomography/computed tomography (PET/CT) has been widely used for the diagnosis, staging, restaging, recurrence, and the effective evaluation of tumors. Because of the integrated imaging modality of anatomic and functional imaging and whole-body scanning, PET/CT may have some advantages over CI in the detection of SMPMNS. At present, there are only a few PET/CT studies on SMPMNS. This study aimed to evaluate the role of 18F-fluorodeoxyglucose PET/CT (18F-FDG PET/CT) in the diagnosis of SMPMNS.



Materials and methods

This study was approved by our institution’s Ethics Review Board. Patient written informed consent was waived owing to the retrospective design of the study. MPMNs were diagnosed according to the criteria established by Warren and Gates (2).


Patients

The patients included in this study met the following criteria: 1) had undergone 18F-FDG PET/CT in our hospital from October 2010 to December 2020; 2) had two or more malignant neoplasms at the same time (SMPMNS) shown in the PET/CT scan; 3) had complete medical data for basic patient characteristics such as age, gender, and histological type of the primary tumor; 4) SMPMNS were confirmed by biopsy/surgical histopathology (and immunohistochemistry) within 2 weeks after PET/CT; and 5) had an ordinary occupation and denied having a history of exposure to radioactive or toxic substances. The exclusion criteria were as follows: 1) both or more primary tumors of SMPMNS were histopathologically confirmed before PET/CT and 2) patients who had received radiochemotherapy for primary tumor before PET/CT.

The number of cases undergoing 18F-FDG PET/CT in our center during the study period determined the sample size (Figure 1).




Figure 1 | Flowchart of the selection of eligible patients. SMPMNs, synchronous multiple primary malignant neoplasms.





Data acquisition and reconstruction of 18F-FDG PET/CT

18F-FDG PET/CT imaging was performed using a GE Discovery STE PET/CT scanner. Patients fasted for at least 4 h before 18F-FDG injections, and scans were obtained 50–60 min after intravenous administration of 18F-FDG (5.5 MBq/kg). Non-contrast CT data were used for the anatomical correlation and attenuation correction of the PET images. The CT data were acquired with the following settings: 120 kV; 100–140 mA; pitch, 1.75:1; collimation, 16 × 3.75 mm; and rotation cycle, 0.5 s. Whole-body PET scans were acquired in 3D mode and performed from the vault of the skull to the mid-thigh, with 3 min per bed position acquisition time.



Image interpretation and comparison of the diagnostic performance of PET/CT and CI

The clinical information and PET/CT imaging data of all patients with SMPMNS were retrospectively analyzed. All focal uptakes greater than the background that could not be explained by the physiological uptake were considered as indicative of lesions. The diagnosis of SMPMNS with 18F-FDG PET/CT was based on the following: 1) the maximum standardized uptake values (SUVmax) of the two suspected tumor lesions were significantly different (Figures 2, 3); 2) two suspected tumor lesions occurred at different sites or organs with very few tumor metastasis to each other (Figures 4, 5); and 3) one tumor was confirmed and the other suspected tumor lesion did not match the characteristics of common metastases (Figure 6).




Figure 2 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 54-year-old man with lung squamous cell carcinoma and renal small cell carcinoma. PET/CT demonstrated a 52 × 47-mm mass with a maximum standardized uptake value (SUVmax) of 15.5 in the left lower lung and a 30 × 30-mm nodule with SUVmax of 1.1 (white arrows) in the right kidney. Several hilar and mediastinal lymph nodes with different FDG uptake levels were proven to be hyperplasia. (A) PET maximum intensity projection (MIP). (B, C) Axial CT. (D, E) Fusion images.






Figure 3 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 62-year-old man with lung adenocarcinoma and hepatocellular carcinoma. PET/CT revealed a lobulated mass with central FDG uptake (maximum standardized uptake value, SUVmax = 8.9) and a 48 × 49-mm hypodense mass with SUVmax = 2.0 in the right hepatic lobe (white arrows). (A): PET maximum  maximum intensity projection (MIP). (B, C): Axial CT. (D, E) Fusion images.






Figure 4 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 50-year-old woman with renal adenocarcinoma and gastric stromal tumor. PET/CT demonstrated an irregular mass in the left kidney with a maximum standardized uptake value (SUVmax) of 45.3 and a 24 × 19-mm nodule in the gastric cardia with SUVmax = 28.3. A hypermetabolic right adrenal nodule and several hypermetabolic retroperitoneal lymph nodes were also shown. (A) PET maximum intensity projection (MIP). (B, C) Axial CT. (D, E) Fusion images.






Figure 5 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 60-year-old man with gastric adenocarcinoma (GA) and synchronous right lung squamous cell carcinoma. GA was proven before PET/CT, and PET/CT demonstrated a 47 × 40-mm right hilar mass with a maximum standardized uptake value (SUVmax) of 13.9. (A) PET maximum intensity projection (MIP). (B, C) Axial CT. (D, E) Fusion images.






Figure 6 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 78-year-old woman with lung squamous cell carcinoma, synchronous left breast ductal carcinoma, and lymph node metastases. PET/CT demonstrated a 32 × 45-mm mass with a maximum standardized uptake value (SUVmax) of 12.2 in the right upper lobe, a 15 × 9-mm nodule with SUVmax = 2.6 in the left breast, and several mediastinal lymph nodes with SUVmax = 10.2. (A) PET maximum intensity projection (MIP). (B, C) Axial CT. (D, E) Fusion images.



The presence of SMPMNS and metastatic lesions in the 18F-FDG PET/CT results was carefully recorded, including the site, shape, edge, size, density, and the SUVmax of each lesion. Misdiagnosed and missed primary tumors on 18F-FDG PET/CT were retrieved and reviewed by two board-certified radiologists who served for 30 (ZL) and 8 (WQ) years in radiology departments. The SUVmax ratio, the difference in the SUVmax (ΔSUVmax), and the difference index of SUVmax (DISUVmax) of the concomitant tumors were calculated as follows:

	

	

	

The SMPMNS and metastases reported using CI (including CT, MRI, US, and scintigraphy), performed within 15 days prior to 18F-FDG PET/CT, were also carefully documented.

CI is a common detection method for SMPMNS. The consistency in the diagnostic performance of PET/CT and CI was examined, and the sensitivity, specificity, and accuracy of both methods in the detection of metastatic lesions were compared.



Follow-ups

All patients who completed PET/CT examinations at our institution were routinely followed up. The patients in this study have been followed up for 6–36 months (average = 24.8 ± 9.7 months) after PET/CT examination. The follow-up methods included outpatient examination, telephone or web chat follow-up, and assessment of inpatient medical records. Overall survival was calculated from the date of diagnosis of SMPMNS to the date of death of patients or the date of last follow-up.



Statistical analysis

The SPSS 19.0 software package for PC was used for statistical processing of the obtained data. Categorical variables were expressed as frequencies or percentages, while numerical variables were expressed as the mean ± standard deviation (SD). Statistical comparison of the categorical variables was performed using McNemar’s test. A log-rank test was performed to evaluate the differences in the survival rates of SMPMNS patients with and without metastasis. P-values less than 0.05 were considered significant. A consistency test was also performed to evaluate the diagnostic results between the 18F-FDG PET/CT and CI methods, with the evaluation criteria for the kappa values as follows: κ ≥ 0.75 indicates good consistency in the diagnostic results; 0.4 ≤ κ< 0.75 indicates general consistency in the diagnostic results; and κ< 0.4 indicates poor consistency in the diagnostic results.




Results


Clinical features of eligible patients

Between October 2010 and December 2020, a total of 81 patients with SMPMNs underwent 18F-FDG PET/CT. Of these, 44 patients were excluded base on the inclusion and exclusion criteria. The remaining 37 patients with complete follow-up data and who met the enrollment criteria (Figure 1) were finally included in the study, with 24 men (24/37, 64.9%) and 13 women (13/37, 35.1%) aged 19–82 years (average = 65.4 ± 11.6 years). The demographic and clinical information of the patients are summarized in Table 1.


Table 1 | Clinical features and 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) data of patients with synchronous multiple primary malignant neoplasms occurring at the same time (SMPMNS).



From all 37 patients, a total of 74 malignant tumors were identified when they were diagnosed with SMPMNS within 2 weeks after PET/CT. Two patients (5.4%) had triple primary malignancies: one underwent surgery for gastric cancer 11 years ago, fulfilling the MMPMN and SMPMN criteria, and the other underwent surgical resection for scalp squamous cell carcinoma 5 months ago, consistent with the diagnostic criteria of synchronous triple primary malignancy. Both of them denied having a history of chemoradiotherapy after their surgery. The remaining 35 (94.6%) patients all had synchronous double primary malignant tumors. SMPMNS originated in the same organ system in 7 (18.9%) cases: respiratory tumors in 4 (10.8%) and digestive tumors in 3 (8.1%) cases. Of the 74 tumors, respiratory tumors comprised the most common type of neoplasm (32/74, 43.2%), followed by digestive tumors (20/74, 27.0%). The lung was the most common primary site (30/74, 40.5%), followed by the stomach (8/74, 10.8%).

Documented proven metastases were present in 15 (40.5%) cases and adjacent invasion in 3 (8.1%) cases (Table 2).


Table 2 | Metastases and adjacent invasion of patients with synchronous multiple primary malignant neoplasms occurring at the same time (SMPMNS).



Differences in the overall survival rates among the SMPMNS patients with and without metastases are demonstrated in Figure 7. The log-rank test revealed significant lower survival rates in patients with metastases (χ2 = 12.627, p = 0.000), with a median time to death of 17 months (95%CI = 9.6–24.4); for SMPMNS patients without metastases, the median time to death was 29 months (95%CI = 23.3–34.7).




Figure 7 | Kaplan–Meier survival analysis, time to death (in months), for the two categories of patients with synchronous multiple primary malignant neoplasms (SMPMNs) (log-rank test, χ2 = 12.627, p = 0.000).





Diagnosed, misdiagnosed, or missed SMPMNS on 18F-FDG PET/CT and the SUVmax of SMPMNS

Of the 37 patients with SMPMNS, 28 (75.7%) were diagnosed with SMPMNS on the PET/CT report (Table 3), one primary tumor was misdiagnosed as metastasis in 5 (13.5%) cases, and diagnosis was missed in 5 (13.5%) cases (including one endometrial carcinoma and one vulval melanoma, both having been histopathologically diagnosed before PET/CT).


Table 3 | Diagnostic performance for synchronous multiple primary malignant neoplasms occurring at the same time (SMPMNS): 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) vs. conventional imaging.



The 74 tumors had an average SUVmax of 12.3 ± 7.9 (range = 0.9–41.7). The primary tumors missed by PET/CT were retrieved and the SUVmax recalculated according to the confirmed site. The average SUVmax ratio, ΔSUVmax, and the DISUVmax of SMPMNs were 4.4 ± 6.9 (range = 0.3–26.7), 7.2 ± 7.6 (range = 0.0–34.0), and 50.3% ± 29.3% (range = 0.0%–96.3%), respectively. The ΔSUVmax values were ≥10.0 in 13 (35.1%) cases (Figure 2), 5.0 ≤ ΔSUVmax< 10.0 in 8 (21.6%) cases (Figure 3), and<5 in 16 (43.2%) cases (Figure 4).

Two hypermetabolic lesions were found in different organs in which the tumors rarely spread from one another in five cases (cases 1, 10, 15, 21, and 32), with 4 (80%) cases being diagnosed (Figures 5, 6).

Hypermetabolic lesions with suspected metastases were identified in 19 (51.4%) cases, while adjacent invasion was identified in 3 (8.1%) cases (Tables 1, 2).



Diagnostic performance: CI VS. 18F-FDG PET/CT

A total of 41 CT scans, 49 ultrasound examinations, 16 MRI, and 6 bone scintigraphy were performed in the 37 patients with SMPMNS before PET/CT imaging. On CI, SMPMNS were reported in 5 (13.5%) cases, while one primary tumor was misdiagnosed as metastasis in 10 (27.0%) cases and missed in 23 (62.2%) cases (Table 3). For the correct diagnosis of SMPMNS, 18F-FDG PET/CT and CI showed poor consistency (κ = 0.096, p = 0.173), but a better diagnostic performance in patients with SMPMNS was found using 18F-FDG PET/CT. The diagnostic results for revealing primary lesions (diagnosed and misdiagnosed) between 18F-FDG PET/CT and CI also showed poor consistency (κ = 0.277, p = 0.000), but 18F-FDG PET/CT was superior to CI.

Metastases and adjacent invasion reported on CI are shown in Tables 2, 3. For the diagnosis of metastasis (not including primary tumors misdiagnosed as metastases), the patient-based sensitivity, specificity, and accuracy values of 18F-FDG PET/CT were 100.0%, 81.8%, and 89.2%, respectively, while those of CI were 73.3%, 100.0%, and 89.2%, respectively. PET/CT and CI showed similar accuracy. The differences in the sensitivity and specificity values were significant, with PET/CT showing higher sensitivity (p = 0.020) and CI having higher specificity (p = 0.020).

After PET/CT examination, the regimens of 14 (37.8%) patients were changed.




Discussion

In this study, we first evaluated the application of 18F-FDG PET/CT in patients with synchronous multiple primary malignant neoplasms occurring at the same time (SMPMNS). It was demonstrated that SMPMMS show some clinical features and that 18F-FDG PET/CT has good diagnostic performance for SMPMNS, including making the correct diagnosis and displaying primary tumor lesions and metastatic lesions.

MPMNs are not currently uncommon in clinical oncological practice (7) and have been increasing in incidence (8, 9). Most MPMNs are double primary malignancy, while triple or more primary cases are rare (10, 11). They are usually found in the same organ, POs, or the organ of the identical organ system (OIS) (6, 12, 13). In all MPMNs, the prevalence of SMPMNs was lower than that of MMPMNs (10, 11, 14–16). A study (14) demonstrated that the most common SMPMN sites are the digestive tract organs. SMPMNs can occur at the same time or successively at a 6-month interval. In this series, 35 cases were double primary malignant neoplasms. This result is roughly similar to that of the previous reports (10, 11). However, SMPMNs originated in the same organ, with POs being lesser. Tanjak et al. (17) found that the top 10 SMPMNs are located in breast, colorectal, and head and neck cancer, among others, while the top 10 multiple primary cancer types are also in the top 10 single primary cancers. Our results suggest that the lung is the most common SMPMNS site rather than the breast or digestive canal. This discrepancy may be related to differences in the samples. Lung cancer is the most common malignant tumor in China, and most of those who undergo PET/CT in our center are patients with lung cancer.

More and more MPMNs have been identified clinically due to better cancer screening and detection technology, as well as the improved therapeutic planning for malignancies that leads to improvements in the survival time of patients. The mechanism of the development of MPMNs has been elucidated by a number of relevant studies. It is believed that their occurrence is closely related to genetic predisposition, immunological status, overexposure to carcinogenic factors, and increased life expectancy (12, 13, 18). The average age of patients with SMPMN is usually over 60 years (15). The average age of the patients included in this study was 65 years. All patients had in ordinary occupation and denied a history of exposure to radioactive or toxic substances, and they also denied a history of radiotherapy and chemotherapy, but cancer radial surgery, suggesting that SMPMNS are more likely to arise in the elderly. The study of Tanjak et al. (17) also revealed that patients with MPMN were significantly older than those with a single tumor. In addition, the same study also revealed that there were more women than men with SMPMNs (62.3% vs. 37.7%), but our series showed the opposite; SMPMNS affected more men than women (64.9% vs. 35.1%). This difference may be a result of the different samples; for example, the SMPMNS in this series all occurred at the same time, not including those SMPMNs that occurred successively in a 6-month interval. Unfortunately, pathogenic gene mutation tests in peripheral blood samples were not performed for most cases in the series. Whether these patients had a genetic mutation remains unclear.

The prognosis of patients with SMPMNS is significantly better than that of patients with single primary tumors and metastases; therefore, it is important to distinguish SMPMNS from single primary tumors with metastases. The diagnosis of SMPMNS is mainly based on histopathology, the immunohistochemistry technique used, and genomic assessments (13, 19). 18F-FDG PET/CT imaging has become increasingly important in the diagnosis and clinical management of SMPMNS. Ishimori et al. (20) found that 18F-FDG PET/CT detected other unexpectedly primary malignancies with a high fluorodeoxyglucose (FDG) uptake in at least 1.2% of cancer patients. Paolini et al. (21) described a case of diffuse large B-cell lymphoma confirmed by PET/CT-guided bone marrow biopsy in a patient with hair cell leukemia. Similarly, Delin et al. (22) reported a case of synchronous lung bronchoalveolar cell carcinoma and squamous cell carcinoma with significantly different levels of FDG uptake. SUVmax plays an important role in differentiating SMPMNS from metastasis. Liu et al. (23) and Dijkman et al. (24) showed that the SUVmax ratio (optimal cutoff = 1.7) and DISUVmax (optimal cutoff = 41%) were beneficial to differentiating synchronous multiple primary lung cancers from intrapulmonary metastasis. In this series, the SUVmax ratio and the DISUVmax of concomitant tumors were 4.4 ± 6.9 and 50.3% ± 29.3%, respectively, with both values exceeding the discriminate cutoff values in the aforementioned studies. Although these studies all demonstrated differences in the SUVmax of concomitant tumors, further investigation on the efficacy, accuracy, and the usefulness of the SUVmax ratio and DISUVmax is needed. Some patients show false-positive results for the presence of SMPMNS. Metastasis, premalignant lesion, or benign lesion may be misinterpreted as another primary lesion on 18F-FDG PET/CT (25).

To our knowledge, there are only a few studies evaluating the diagnostic performance of 18F-FDG PET/CT for SMPMNS. In this series, SMPMNS were considered in 28 cases, and most of the primary lesions (including diagnosed and misdiagnosed) have been revealed on 18F-FDG PET/CT imaging. We noted one primary tumor of SMPMNS that was more frequently missed on CI primarily due to the regional imaging modalities and the general lack of awareness regarding SMPMNS on the part of clinicians, with their attention tending to be focused on the identified primary lesion. 18F-FDG PET/CT, which can more comprehensively reveal lesions due to its whole body surveillance, will help in increasing clinicians’ awareness regarding SMPMNS. Additionally, one primary tumor of SMPMNS was easily mistaken for metastasis, especially in patients with metastases, which will more likely lead to confusion in the diagnosis. 18F-FDG PET/CT, which allows combining metabolic information with anatomic details, reduces the incidences of misdiagnosis, i.e., tumors with different clonal origins that were generally believed to have a different biological behavior, leading to different uptakes of FDG. Misinterpretation of a high FDG uptake in lesions as physiological uptake on PET/CT is also an important reason for the missed diagnosis (Figures 8, 9).




Figure 8 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 72-year-old woman with bladder cancer and anal canal adenocarcinoma. PET/CT revealed a 26 × 24-mm nodule in the bladder wall with a maximum standardized uptake value (SUVmax) of 23.9, a nodular hypermetabolic lesion (SUVmax = 11.3) misinterpreted as physiological FDG uptake in the anal canal, and a small nodule with a diameter of 1 cm in front of the bladder (SUVmax = 8.9). (A) PET/MIP. (B, C) Axial CT. (C, D) Fusion images. (E) Sagittal fusion image.






Figure 9 | 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) of a 49-year-old woman with ureteral squamous cell carcinoma and endometrial carcinoma. PET/CT revealed a 41 × 20-mm mass in the left ureter with a maximum standardized uptake value (SUVmax) of 7.7 and a nodular hypermetabolic lesion (SUVmax = 2.7) (arrow) misinterpreted as physiological FDG uptake in the uterine. (A) PET/MIP. (B, C) Axial CT. (C, D) Fusion images.



The therapeutic regimens and the prognosis of SMPMNS patients with or without metastasis were different. In this series, preoperative PET/CT examination improved the diagnostic accuracy and changed the treatments for some patients. Comparison of the survival times of SMPMNS patients with and without documented metastases showed a significant difference in the overall survival rates between these two categories. In this series, more than one-third of the cases showed suspected metastases on 18F-FDG PET/CT, and the patient-based diagnostic accuracy of 18F-FDG PET/CT and CI for metastases was not significantly different; nevertheless, 18F-FDG PET/CT had higher sensitivity, as it detected more unexpected metastatic lesions that were missed or not imaged on CI. However, 18F-FDG PET/CT had lower specificity, as it overestimated the number of metastatic lesions in some cases of SMPMNS, particularly the number of metastatic lymph nodes. Similar findings have been observed in the 18F-FDG PET/CT assessments of patients with other malignancies (26). Increasing the SUVmax threshold for the diagnosis of lymph node metastasis may improve the diagnostic accuracy (27).

In this series, combination with the serum tumor marker levels may improve the diagnostic accuracy of PET/CT of multiple primary cancers, particularly for a number of suspected tumor patients with other highly specific biomarkers, such as prostate-specific antigen (PSA) and alpha-fetoprotein (AFP). However, most biomarkers are nonspecific; therefore, even if the serum levels of two or more biomarkers are elevated, there is still a limitation in the diagnosis of synchronous multiple primary cancers based on these markers (Supplementary Table S1).

Indeed, the diagnosis of SMPMNs is quite difficult due to the uniqueness of each tumor, and 18F-FDG PET/CT can sometimes also fail to reach a definite diagnosis. Different radiotracers can reveal varied biological characteristics of different tumors, and they have currently been applied in the diagnosis of SMPMNS (28, 29). The stepwise application of different radiotracers for the diagnosis of SMPMNS may have a broad prospect; however, it will also impose an additional economic burden on patients.

The main limitation of this study is its small sample size due to rarity of SMPMNS. Additionally, selective bias and data bias were inevitable because all of patients in this study were from a single hospital.

In conclusion, SMPMNS are mostly double primary tumors that generally occur in the elderly, and the lung is the most common primary tumor site. Different primary tumors usually show differences in the uptake of FDG. When combined with clinical features, 18F-FDG PET/CT can improve the diagnostic performance of SMPMNS and can reveal more primary tumors and metastatic lesions. It is helpful to increasing the awareness of clinicians regarding SMPMNS and reduces the number of missed diagnosis and misdiagnosis. For patients with SMPMNS, 18F-FDG PET/CT is a good imaging modality.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). The study was approved by the Institutional Ethics Committee of Jiangxi Provincial People’s Hospital, and individual consent for this retrospective analysis was waived.



Author contributions

Luo ZH: Conception and design. Luo ZH and Jin AF: Administrative support. Luo ZH, Qi WL, Liao FX and Liu Q: Provision of study materials or patients and data analysis and interpretation. Luo ZH, Qi WL, Jin AF, and Zeng QY: Collection and assembly of data. All authors wrote the manuscript. All authors contributed to the article and approved the submitted version.  



Funding

This work was funded by the Science-Technology Supporting Projects of Jiangxi Sci-Tech Department (20142BBG70095) and the Science and Technology Plan of Jiangxi Provincial Health Commission (202130087).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.1068055/full#supplementary-material



References

1. Pantoja Pachajoa, DA, Bruno, MA, Alvarez, FA, Viscido, G, Mandojana, F, and Doniquian, A. Multiple primary tumors: Colorectal carcinoma and non-hodgkin's lymphoma. Int J Surg Case Rep (2018) 48:92–4. doi: 10.1016/j.ijscr.2018.05.010

2. Warren, S, and Gates, O. Multiple primary malignant tumors: a survey of the literature and a statistical study. Am J Cancer (1932) 16:1358–414.

3. Jin, B, Zhang, S, Chuang, X, Yu, P, Chen, Y, Teng, Y, et al. Breast cancer and synchronous multiple primary lung adenocarcinomas with heterogeneous mutations: a case report. BMC Cancer (2018) 18:1138. doi: 10.1186/s12885-018-5011-4

4. Demandante, CG, Troyer, DA, and Miles, TP. Multiple primary malignant neoplasms: case report and a comprehensive review of the literature. Am J Clin Oncol (2003) 26:79–83. doi: 10.1097/00000421-200302000-00015

5. Lv, M, Zhang, X, Shen, Y, Wang, F, Yang, J, Wang, B, et al. Clinical analysis and prognosis of synchronous and metachronous multiple primary malignant tumors. Med (Baltimore) (2017) 96(17):e6799. doi: 10.1097/MD.0000000000006799

6. Ma, Y, Cao, JQ, Yin, Y, Yao, LT, Han, X, Wang, QM, et al. Rare case of uterine neoplasm: cervical sarcoma with endometrial carcinoma. J Int Med Res (2020) 48:300060519876792. doi: 10.1177/0300060519876792

7. Nathan, ES, Erin, SH, Ben, PG, and Thomas, F. Unexpected encounters: high prevalence of synchronous primary lung cancers in a tertiary academic center. J Thorac Dis (2020) 12:2082–7. doi: 10.21037/jtd-19-3990

8. Beltran, E, Garcia-Robledo, JE, Rodríguez-Rojas, LX, Rengifo, M, Perez, B, Pachajoa, H, et al. Clear cell renal carcinoma synchronous with dedifferentiated liposarcoma: a case report and review of the literature. J Med Case Rep (2020) 14(1):4. doi: 10.1186/s13256-019-2320-4

9. Sidhom, F, Jackson, D, Ali, A, Shokrani, B, and Taddesse-Heath, L. Multiple primary malignant neoplasms in African americans: A case series and literature review. Cureus (2022) 14(1):e21585. doi: 10.7759/cureus.21585

10. Xu, LL, and Gu, KS. Clinical retrospective analysis of cases with multiple primary malignant neoplasms. Genet Mol Res (2014) 13:9271–84. doi: 10.4238/2014.March.12.19

11. De Luca, A, Frusone, F, Vergine, M, Cocchiara, R, La Torre, G, Ballesio, L, et al. Breast cancer and multiple primary malignant tumors: Case report and review of the literature. In Vivo (2019) 33:1313–24. doi: 10.21873/invivo.11605

12. Sumiya, R, Ito, K, Takemura, N, Miyazaki, H, Arakawa, R, Kato, N, et al. Seventeen primary malignant neoplasms involving the skin, ovary, esophagus, colon, oral cavity, and ear canal: a case report and review of the literature. Clin J Gastroenterol (2021) 14:980–7. doi: 10.1007/s12328-021-01444-0

13. Song, L, Li, Q, Yang, K, Yin, R, and Wang, D. Three primary synchronous malignancies of the uterus, cervix, and fallopian tube: A case report. Medicine (2018) 97(24):(e11107). doi: 10.1097/MD.0000000000011107

14. Wang, Y, Jiao, F, Yao, J, Zhou, X, Zhang, X, and Wang, L. Clinical features of multiple primary malignant tumors: A retrospective clinical analysis of 213 Chinese patients at two centers. Discov Med (2021) 32:65–78.

15. Wang, XK, and Zhou, MH. Clinical features and survival of patients with multiple primary malignancies. World J Clin cases (2021) 9(34):10484–93. doi: 10.12998/wjcc.v9.i34.10484

16. Komiyama, S, Nishio, E, Ichikawa, R, Miyamura, H, Kawamura, K, Komiyama, M, et al. Asymptomatic synchronous quintuple primary cancers. Gynecol Obstet Invest (2012) 74:324–8. doi: 10.1159/000339135

17. Tanjak, P, Suktitipat, B, Vorasan, N, Juengwiwattanakitti, P, Thiengtrong, B, and Songjang, C. Risks and cancer associations of metachronous and synchronous multiple primary cancers: a 25-year retrospective study. BMC Cancer (2021) 21:1045. doi: 10.1186/s12885-021-08766-9

18. Chaturvedi, AK, Engels, EA, Gilbert, ES, Chen, BE, Storm, H, and Lynch, CF. Second cancers among 104,760 survivors of cervical cancer: evaluation of long-term risk. J Natl Cancer Inst (2007) 99:1634–43. doi: 10.1093/jnci/djm201

19. Corsini, EM, Wang, J, Wu, C, Fujimoto, J, Negrao, MV, and Chen, R. Genomic assessment distinguishes intrapulmonary metastases from synchronous primary lung cancers. J Thorac Dis (2020) 12:1952–9. doi: 10.21037/jtd-20-1

20. Ishimori, T, Patel, PV, and Wahl Richard, L. Detection of unexpected additional primary malignancies with PET/CT. J Nucl Med (2005) 46:752–7.

21. Paolini, R, Bianchini, E, D'Andrea, E, Al-Nahhas, A, Banti, E, Muzzio, PC, et al. FDG-PET detection of primary bone marrow large b-cell lymphoma in a patient with hairy cell leukemia. Nucl Med Rev Cent East Eur (2007) 10:23–5.

22. Derlin, T, Clauditz, TS, Quaas, A, and Habermann, CR. Synchronous bronchioloalveolar and squamous cell lung cancer with different 18F-FDG avidity on PET/CT. Clin Nucl Med (2012) 37:e255–256. doi: 10.1097/RLU.0b013e31824440f9

23. Liu, Y, Tang, Y, Xue, Z, Jin, X, Ma, G, Zhao, P, et al. SUVmax ratio on PET/CT may differentiate between lung metastases and synchronous multiple primary lung cancer. Acad Radiol (2020) 27:618–23. doi: 10.1016/j.acra.2019.07.001

24. Dijkman, BG, Schuurbiers, OC, Vriens, D, Looijen-Salamon, M, Bussink, J, and Timmer-Bonte, JN. The role of (18)F-FDG PET in the differentiation between lung metastases and synchronous second primary lung tumours. Eur J Nucl Med Mol Imaging (2010) 37:2037–47. doi: 10.1007/s00259-010-1505-2

25. Chen, S-H, Chan, S-C, Chao, Y-K, and Yen, T-C. Detection of synchronous cancers by fluorodeoxyglucose positron emission Tomography/Computed tomography during primary staging workup for esophageal squamous cell carcinoma in Taiwan. PloS One (2013) 8:e82812. doi: 10.1371/journal.pone.0082812

26. Gary, A, Ulaner, MD, Healey, JH, and Athanasian, EA. Pathologically benign lymph nodes can mimic malignancy on imaging in patients with angiomatoid fibrous histiocytoma. Clin Orthop Relat Res (2017) 475:2274–9. doi: 10.1007/s11999-017-5388-4

27. Wang, GM, Liu, DF, Xu, YP, Meng, T, and Zhu, F. PET/CT imaging in diagnosing lymph node metastasis of esophageal carcinoma and its comparison with pathological findings. Eur Rev Med Pharmacol Sci (2016) 20:1495–500.

28. Lu, Y. Imaging characteristics of coexisting primary pulmonary carcinoid tumor and multiple myeloma on 18 f-FDG and 68 Ga-DOTATATE PET/CT. Clin Nucl Med (2019) 44:914–5. doi: 10.1097/RLU.0000000000002706

29. Søndergaard, E, and Ebbehoj, A. Multiple neoplasms simultaneously diagnosed by complementary triple-tracer PET/CT and 123 I-MIBG scintigraphy. Clin Nucl Med (2017) 42:e61–6. doi: 10.1097/RLU.0000000000001408



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Luo, Qi, Jin, Liao, Liu and Zeng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-1068055-g003.jpg
‘\_(D





OEBPS/Images/M2.jpg
ASUV,,.. = Larger SUV,,,. = Smaller SUV ..





OEBPS/Images/fonc-12-1068055-g005.jpg





OEBPS/Images/fonc.2022.1068055_cover.jpg
, frontiers ‘ Frontiers in Oncology

The role of F-FDG PET/CT in
patients with synchronous
multiple primary malignant
neoplasms occurring at the

same time





OEBPS/Images/fonc-12-1068055-g007.jpg
cumulative survival

patients
with SMPMNs
1.0 categories

"1 non meltastasis
__J metastasis
| non metastasis
-censored

0 8 + metastasis

-censored

0.6

0.4

0.2

0.0

0.00 10.00 20.00 30.00 40.00
survival time(months)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The role of 18F-FDG PET/CT in patients with synchronous multiple primary malignant neoplasms occurring at the same time

      

        		

          Background

        



        		

          Purpose

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Data acquisition and reconstruction of 18F-FDG PET/CT

          



          		

            Image interpretation and comparison of the diagnostic performance of PET/CT and CI

          



          		

            Follow-ups

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical features of eligible patients

          



          		

            Diagnosed, misdiagnosed, or missed SMPMNS on 18F-FDG PET/CT and the SUVmax of SMPMNS

          



          		

            Diagnostic performance: CI VS. 18F-FDG PET/CT

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-1068055-g002.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Metastasis (cases) Adjacent invasion (cases)

LN Bone Lung Ad Brain Liver Rectum sV
'SE.FDG PET/CT 14 6 4 4 2 2 1 3
Conventional imaging 5 3 3 3 2 3 1 3
Documented (proven by) Follow-up 9l 5 4 3 2 3 1 3
Biopsy 3 - - - - - - -

LN, lymph node; Ad, adrenal; SV, seminal vesicle gland.





OEBPS/Images/table3.jpg
Case Conventional imaging prior to PET/CT ISE-FDG PET/CT

Diagnosed M and/or AT MD or missed Diagnosed M and/or Al MD or missed
1 Missed, MD Missed, MD
2 M MD + M
3 M, Al MD + M, Al
4 M MD + M
5 + +
6 MD +
7 M MD + M
8 Missed +
9 M Missed + M
10 Missed M Missed
11 Missed Missed
12 + + M*
13 + +
14 Missed +
15 M Missed + M
16 Missed +
17 M MD M MD
18 MD +
19 + +
20 + +
21 Missed Missed
22 Missed +
23 M MD + M
24 Al Missed + Al
25 Missed +
26 Missed + M*
27 M MD M MD
28 M Missed + M
29 Al Missed + M*, AT
30 Missed + M*
31 Missed M MD
32 Missed + M
33 Missed +
34 Missed MD
35 M Missed + M
36 Missed + M
37 Missed Missed

The plus sign means diagnosed with SMPMNS. Patient-based consistency test of the diagnostic performance between PET/CT and conventional imaging for SMPMNS: k = 0.096, p = 0.173;
McNemar test, p = 0.000. Patient-based consistency test for revealing primary tumors (diagnosed + misdiagnosed) between PET/CT and conventional imaging: x = 0.277, p = 0.000;
McNemar test, p = 0.001.

M, metastasis; Al, adjacent invasion; MD, misdiagnosed one primary tumor as a metastasis; missed, missed one primary tumor; M*, exclude metastasis by follow-up.





OEBPS/Images/fonc-12-1068055-g009.jpg





OEBPS/Images/M3.jpg
DISUV, il * 100%

e = Ty SUV





OEBPS/Images/fonc-12-1068055-g006.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1068055-g004.jpg





OEBPS/Images/M1.jpg
SUV iy ratio = 80—k
Smaller SUV.._





OEBPS/Images/fonc-12-1068055-g001.jpg
81 patients
Diagnosed with SMPMNs
lacked complete data or
|\ —
follow-up records (7 cases)
74 cases
with complete data
occurring within 6 months
| —
(31 cases)
43 cases
occurring at the same time
l . One primary tumor undergone
radiotherapy (1 case)
42 cases
without therapy
histopathologically diagnosed
before PET/CT (5 cases)

| —

37 eligible cases





OEBPS/Images/fonc-12-1068055-g008.jpg





OEBPS/Images/table1.jpg
Case Sex Age
no. (years)
1 F 49
2 M 67
3 M 60
4 M 74
5 M 62
6 M 54
7 M 65
8 M 78
9 F 78
10 F 72
11 M 69
12 M 54
13 M 72
14 F 74
15° F 50
16 M 60
17 M 55
18 M 58
19 F 65
20 M 64
21 F 74
22 M 64
23 F 70
24 M 61
25 M 59
26 F 82
27 M 63
28 M 73
29 M 75
30 F 79
31 M 70
32 F 64
33 F 70
34 M 82
35 M 64
36 M 70
37 F 19

SMPMNS, synchronous multiple primary malignant neoplasms occurring at the same time; PMN, primary malignant neoplasm; SUV .y, maximum standardized uptake value; M, male; F,
female; LN, lymph node; Ad, adrenal gland; SV, seminal vesicle gland; Failed 1, failed to report tumor 1 that had been diagnosed before PET/CT; MD 1 or 2, misdiagnosed primary tumor 1

PMN1

Endometrial carcinoma

Epiglottis squamous cell
carcinomas

Prostate cancer
Colon adenocarcinoma
Lung adenocarcinoma

Malignant pleural
mesothelioma

Lung squamous cell
carcinomas

Lung squamous cell

carcinomas

Lung squamous cell
carcinomas

Bladder cancer

Lung squamous cell
carcinomas

Renal small cell carcinoma

Maxillofacial basal cell
carcinoma

Breast ductal carcinoma
Renal adenocarcinoma
Gastric adenocarcinoma

Lung squamous cell
carcinomas

Cerebral glioblastoma

Lung squamous cell
carcinomas

Lung adenocarcinoma
Vulval skin melanoma

Lung squamous cell
carcinomas

Lung adenocarcinoma

Lung squamous cell
carcinomas

Oral squamous cell
carcinomas

Papillary thyroid
carcinoma

Gastric adenocarcinoma
Gastric adenocarcinoma

Lung squamous cell
carcinomas

Lung adenocarcinoma

Lung squamous cell
carcinomas

rectal adenocarcinoma
Gastric adenocarcinoma

Lung squamous cell
carcinomas

Esophageal squamous cell
carcinomas

Lung squamous cell
carcinomas

Gastric adenocarcinoma®

or 2 as metastasis; Miss 2, missed tumor 2

“More than 11 years after the resection of gastric cancer.
PLess than 6 months after surgery of scalp squamous cell carcinomas.
“Could not be distinguished on PET/CT and the SUV pax of the two diseases considered as the same.

dExcludes metastasis.

SUV jax

27

15.9

13.5
12.3
8.9
9.4

10.4

10.6

12.2

23.9
4.5

11
43

32
225
11.8
29.8

23.8
7.2

13.2
53
18.2

16.1

4.6

83

4.8

122
37
91,

7.6
19.5

41.7
2.8
232

16.5

115

194

PMN2

Ureteral squamous cell
carcinoma

Lung adenocarcinoma

Lung squamouscell carcinomas
Lung squamous cell carcinomas
Hepatocellular carcinoma

Lung adenocarcinoma

Prostate cancer

Gastric stromal tumor

Breast ductal carcinoma

Anal canal adenocarcinoma

Lung adenocarcinoma

Lung squamous cell carcinomas

Lung adenocarcinoma

Lung adenocarcinoma
Gastric stromal tumor
Lung squamous cell carcinomas

Lung adenocarcinoma

Colon adenocarcinoma

Colon adenocarcinoma

Renal clear cell carcinoma
Renal Clear cell carcinoma

Small salivary gland carcinoma

Renal clear cell carcinoma

Prostate cancer

Esophageal squamous cell
carcinomas

Lung squamous cell carcinomas

Small Intestine adenocarcinoma
Lung adenocarcinoma

Prostate cancer

Papillary thyroid carcinoma

Small Intestine adenocarcinoma

Ductal carcinoma of breast
Lung adenocarcinoma

Cutaneous diffuse large B-cell
lymphoma

Lung squamous carcinomas

Thyroid clear cell carcinoma

Gastric diffuse large B-cell
lymphoma®

SUV ax

7.7

57
8.4
20
08

10.7
6.1
26

6.7
09

15.5
42

6.8
17.7
13.9

15.9
99

1.0

222
4.7
16.4
6.8
6.6

15.6
9.7
7.1

10.3
14.8

7.7
54
6.6

17.4
4.2

19.4

Metastasis/
(adjacent
invasion)

Failed 1, MD2
LN

Brain, LN, (SV)
LN, liver

Bone, LN

LN

LN Missed 2
Missed 2

IN¢

Ad, LN

Bone, LN MD 2

Fail 1

Lung, liver, bone,
LN

(V)

IN¢

Ad, lung MD 2

Ad, LN, brain
Ad? (rectum, SV)

bone?

LN, lung MD 2

Bone, lung
MD 2
Bone, LN

Lung

Missed 2

Misdiagnosis or missed
diagnosis





