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Objectives

To assess the association between common-used serum tumor markers and recurrence of lung adenocarcinoma and squamous cell carcinoma separately and determine the prognostic value of serum tumor markers in lung adenocarcinoma featured as ground glass opacities.



Methods

A total of 2,654 non-small cell lung cancer patients undergoing surgical resection between January 2008 and September 2014 were analyzed. The serum levels of carcinoma embryonic antigen (CEA), cytokeratin 19 fragment (CYFRA21-1), neuron-specific enolase (NSE), carbohydrate antigen 125 (CA125), carbohydrate antigen 153 (CA153) and carbohydrate antigen 199 (CA199) were tested preoperatively. Survival analyses were performed with COX proportional hazard regression.



Results

Among patients with lung adenocarcinoma, elevated preoperative serum CEA(HR=1.246, 95%CI:1.043-1.488, P=0.015), CYFRA21-1(HR=1.209, 95%CI:1.015-1.441, P=0.034) and CA125(HR=1.361, 95%CI:1.053-1.757, P=0.018) were significantly associated with poorer recurrence free survival (RFS). Elevated preoperative serum CA199 predicted worse RFS in patients diagnosed with lung squamous cell carcinoma (HR=1.833, 95%CI: 1.216-2.762, P=0.004). Preoperative serum CYFRA21-1(HR=1.256, 95%CI:1.044-1.512, P=0.016) and CA125(HR=1.373, 95%CI: 1.050-1.795, P=0.020) were independent prognostic factors for patients with adenocarcinoma presenting as solid nodules while serum CEA (HR=2.160,95%CI:1.311-3.558, P=0.003) and CA125(HR=2.475,95%CI:1.163-5.266, P=0.019) were independent prognostic factors for patients with adenocarcinoma featured as ground glass opacities.



Conclusions

The prognostic significances of preoperative serum tumor markers in non-small cell lung cancer were associated with radiological features and histological types.
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Introduction

Various serum tumor markers had been reported in the diagnosis and prognosis prediction of miscellaneous cancers. Despite the inefficiency of serum tumor markers in the early diagnosis of non-small cell lung cancer (NSCLC), the prognostic significances of several serum tumor markers had been reported in a series of studies (1–6). But it still remained controversial as the other studies reported contrary results (7–9). Few studies had evaluated the prognosis of multiple serum tumor markers in a single research systemically, the discrepancy in the serum tumor makers included might lead to the conflicting results. Although lung adenocarcinoma (ADC) and squamous cell carcinoma (SCC) were distinct in the clinical and genomic characteristics (10–14), only several studies analyzed ADC and SCC respectively (15, 16) and the other studies always analyzed them together under the category of NSCLC. The difference in the inherent production mechanism and function of different serum tumor markers indicated that they might play different roles in the prognosis prediction of lung ADC and lung SCC. The conflicting results might also be caused by the different ratios of ADC/SCC across these studies. The prognosis significances of serum tumor markers in lung adenocarcinoma and lung SCC still required large-sample study to clarify.

With the increasing application and decreasing cost of low-dose computed tomography (CT), more and more lung nodules characterized by ground glass opacity (GGO) were detected (17). In general, patients with lung cancer manifesting as GGO showed a good prognosis (18, 19). Previously, we have demonstrated that lung adenocarcinoma manifesting as GGO defined a special clinical subtype (20). We also found distinct prognostic factors in patients with GGO-featured and radiologically solid adenocarcinoma (21). But no study had investigated the correlation between evaluated serum tumor markers and prognosis in lung adenocarcinoma presenting as GGO.

Hence, this study aimed to systemically investigated the prognostic significances of six common-used serum tumor makers in surgically treated lung adenocarcinoma and SCC respectively and explore the prognostic significances of serum tumor markers in lung adenocarcinoma presenting as GGO.



Methods

We retrospectively reviewed the data of NSCLC patients without a history of previous malignant tumor who underwent pulmonary surgery at Fudan University Shanghai Cancer Center (FUSCC) between January 2008 and September 2014. The exclusion criteria including missing information of follow-up, incomplete data of serum tumor markers (CEA, CYFRA21-1, NSE, CA199, CA153, CA125) and missing radiological feature information. Since no recurrence was detected in patients diagnosed with adenocarcinoma in situ, minimal invasive adenocarcinoma and lepidic predominant adenocarcinoma, these patients therefore were excluded. Also, patients diagnosed with enteric adenocarcinoma, fetal adenocarcinoma and NSCLC other than ADC and SCC were excluded because their small numbers and varied histological types (Figure 1). According to the previous studies, acinar predominant adenocarcinoma, papillary predominant adenocarcinoma, and invasive mucinous adenocarcinoma were categorized as low-grade adenocarcinoma (LGADC), while micropapillary predominant adenocarcinoma and solid predominant adenocarcinoma were categorized as high-grade adenocarcinoma (HGADC) (22–24). In our institution, GGO component was defined as an area of a slight, homogenous increase in density that did not obscure the underlying vascular markings (25). The maximum diameter on the single largest axial dimension was measured on a lung window, and an edge-enhancing (sharp) filter was recorded for the size of solid component and whole nodule. Consolidation to tumor ratio (CTR) was defined as the ratio of the maximum size of solid component to the maximum tumor size on the thin-section CT scan in the axial plane (26).




Figure 1 | Flow diagram of patients inclusion and exclusion.



Patients were followed up with chest CT, ultrasonography of abdominal and supraclavicular region and brain magnetic resonance imaging every 4 months for the first 3 years, every 6 months for the 3 to 5 years and then annually. Bone scintigraphy was performed annually. The examinations were also performed when related symptoms occurred. The median follow-up time of the whole patient cohort was 41 months which might lead to inadequate overall survival events for analysis especially for GGO-featured adenocarcinoma. Hence, we focused on the recurrence free survival of these patients. Recurrence free survival was defined as the time interval between the date of surgery and recurrence or the last follow-up.

Statistics analyses were conducted using SPSS 22.0 for Windows (Chicago, USA). and R 3.50 (Vienna, Austria). The upper limit values of serum tumor markers concentrations were defined according to the manufacturers. They were determined based on the 95% specificity level for normal population who received serum test during the reference ranges determination procedure by the central laboratory of FUSCC (5.20ng/ml for CEA, 16.30ng/ml for NSE, 2.66ng/ml for CYFRA21-1, 35.00U/ml for CA125, 25.00U/ml for CA153 and 27.00U/ml for CA199). Patients were divided into two groups (Elevated/Normal) according to the upper limit values respectively. The association of categorized variables were tested using Pearson’s Chi-Square test. The differences of survival between the two groups were presented with Kaplan-Meier curves and tested with log-rank statistics. The demographics of patients (sex, age, smoking history), radiological features (consolidation to tumor ratio), treatment details (surgical procedures), characteristics of tumors (lymph vascular invasion, visceral pleural invasion, pathological size, histological subclassification, T classification, N classification) and the levels of preoperative serum tumor markers (CEA, CYFRA21-1, NSE, CA125, CA153 and CA199) were included in the survival analyses. Variables with a P value <0.1 in the univariable analyses were included in the multivariable analyses. Multivariable COX proportional hazard regression analyses with backward stepwise elimination were performed to identify the independent prognostic factors.

The study was approved by the Institutional review board (IRB) of FUSCC. Since the study was retrospective and the data were anonymous, the informed consent was waived by the IRB.



Results

The data of a total of 4,254 patients were reviewed. According to the exclusive criteria, 2,654 patients were included in the final analyses including 1,071 female patients and 1,583 male patients. The median age of this cohort was 61 (interquartiles, 55-67). 73.5% patients were diagnosed with radiologically solid tumors and 26.5% patients with ground glass opacities on the radiograph. The majority of the patients (96.8%) received lobar resection. 27.9% patients were diagnosed with SCC. 12.3% patients were diagnosed with HGADC and 59.8% patients were diagnosed with LGADC. More detailed characteristics of the cohorts were shown in the Table 1.


Table 1 | Clinicopathological characteristics of the patient cohorts.




Correlation Between Serum Tumor Markers and Clinicopathological Characteristics

Table 2 listed the correlation between the levels of preoperative serum tumor markers and clinicopathological characteristics. Higher proportions of patients with elevated CYFRA21-1 (P<0.001) and CA125 (P<0.001) were observed in male patients while more female patients were detected with elevated NSE (P<0.001). All the six serum tumor markers were associated with T classifications, N classifications and histological types except that no significant difference of serum CA199 was observed in patients with different histological types (P=0.067).


Table 2 | Correlation between serum tumor markers and clinicopathological parameters of patients with non-small cell lung cancer.





Recurrence Free Survival of Patients With Elevated Serum Tumor Markers

Recurrence was observed in 799 patients. The correlation of elevated serum tumor markers with recurrence free survival was depicted with Kaplan-Meier curves and tested with log-rank tests.

Among patients diagnosed with adenocarcinoma, patients with elevated preoperative serum tumor markers showed significantly worse RFS compared with those with normal serum tumor markers (CEA: P<0.0001, CYFRA21-1: P<0.0001, NSE: P=0.0026, CA153: P<0.0001, CA125: P<0.0001, CA199: P<0.0001) (Figure 2). Multivariable COX proportional hazard regression showed that elevated serum CEA (HR=1.246, 95%CI:1.043-1.488, P=0.015), CYFRA21-1(HR=1.209, 95%CI:1.015-1.441, P=0.034) and CA125(HR=1.361, 95%CI:1.053-1.757, P=0.018) were associated with poorer RFS significantly  (Table 3).




Figure 2 | Recurrence free survival of patients with elevated vs. normal preoperative serum CEA (A), NSE (B), CYFRA21-1 (C), CA125 (D), CA153 (E) and CA199 (F) in lung adenocarcinoma.




Table 3 | Association between serum tumor markers and recurrence free survival of patients with lung adenocarcinoma.



In the cohort of patients diagnosed with squamous cell carcinoma, worse RFS was observed in patients with elevated preoperative serum CYFRA21-1(P=0.011), NSE(P=0.0041), CA125(P=0.0046), CA153(P=0.002) and CA199(P=0.014). No significant difference of RFS was observed in patients with elevated CEA and normal CEA(P=0.11) (Figure 3). Multivariable COX regression revealed that only elevated preoperative CA199 predicted worse RFS in patients diagnosed with SCC (HR=1.833, 95%CI: 1.216-2.762, P=0.004) (Table 4).




Figure 3 | Recurrence free survival of patients with elevated vs. normal preoperative serum CEA (A), NSE (B), CYFRA21-1 (C), CA125 (D), CA153 (E) and CA199 (F) in lung squamous cell carcinoma.




Table 4 | Association between serum tumor markers and recurrence free survival of patients with lung squamous cell carcinoma.



To determine the prognosis value of serum tumor markers in adenocarcinoma presenting as solid nodules and GGO respectively, survival analyses were conducted in the two cohorts separately.

Figure 4 depicted the association between serum tumor markers and RFS of patients diagnosed with adenocarcinoma presenting as solid nodules. Patients with elevated CEA, CYFRA21-1, NSE, CA125, CA153 and CA199 all showed worse RFS compared with those with normal serum tumor markers (CEA: P<0.0001, CYFRA21-1: P<0.0001, NSE: P=0.0027, CA125: P<0.0001, CA153: P<0.0001, CA199: P<0.0001) (Figure 5). Multivariable COX regression demonstrated that preoperative serum CYFRA21-1(HR=1.256, 95%CI:1.044-1.512, P=0.016) and CA125(HR=1.373, 95%CI: 1.050-1.795, P=0.020) were independent prognostic factors for patients with adenocarcinoma presenting as solid nodules while serum CEA was not (Table 5).




Figure 4 | Recurrence free survival of patients with elevated vs. normal preoperative serum CEA (A), NSE (B), CYFRA21-1 (C), CA125 (D), CA153 (E) and CA199 (F) in lung adenocarcinoma featured as solid nodules.






Figure 5 | Recurrence free survival of patients with elevated vs. normal preoperative CEA (A), NSE (B), CYFRA21-1 (C), CA125 (D), CA153 (E) and CA199 (F) in GGO-featured lung adenocarcinoma.




Table 5 | Association between serum tumor markers and recurrence free survival of patients with radiologically solid adenocarcinoma.



In the cohort of patients with adenocarcinoma presenting as GGO, log rank tests showed that elevated CEA(P<0.0001), CYFRA21-1(P=0.021) and CA125(P<0.0001) were associated with worse RFS while elevated serum NSE(P=0.21), CA153(P=0.53) and CA199(P=0.48) were not. Multivariable analysis revealed that elevated serum CEA (HR=2.160,95%CI:1.311-3.558, P=0.003) and CA125(HR=2.475,95%CI:1.163-5.266, P=0.019) both predicted worse RFS while elevated serum CYFRA21-1 did not (Table 6).


Table 6 | Association between serum tumor markers and recurrence free survival of patients with GGO-featured adenocarcinoma.






Discussion

The prognostic significances of serum tumor markers in NSCLC still remained controversial. It was speculated that it might vary with radiological features and histological types. We reported the prognostic significances of six common-used serum tumor markers in surgically resected lung ADC and SCC respectively. We found that preoperative serum CEA, CYFRA21-1 and CA125 were independent prognostic factors for lung ADC while elevated preoperative serum CA199 was associated with poorer prognosis in lung SCC. Also, we reported the prognostic significances of preoperative serum tumor markers in lung ADC presenting as GGO for the first time. In lung ADC featured as GGO, elevated preoperative serum CEA and CA125 were associated with worse survival while elevated preoperative serum CYFRA21-1 and CA125 were associated with shorter RFS in lung adenocarcinoma presenting as solid nodules.

CEA, also known as carcinoembryonic antigen-related cell adhesion molecule-5 (CEACAM5), was a cell surface glycoprotein involved in cell adhesion. It always functioned as an adhesion molecule to promote metastasis of cancers. CEA was normally produced in human embryonic and fetal development (27). In normal adults, it was expressed in the colon, stomach, esophagus, appendix. Following malignant transformation, it was also detected in lung, ovarian, pancreas, gallbladder, colon and gastric cancers. In the serum of normal adults, CEA maintained a relatively low level (28).

A previous systemic review included 25 studies assessing the association between pre-treatment CEA level and survival of patients with NSCLC (29). Among the 19 studies in which the patients received surgical treatment, 15 studies reported that elevated preoperative serum CEA predicted worse survival for patients with surgically treated NSCLC while the other four studies did not. The conflicting results might be caused by the heterogeneity in histologic classification, disease stages and sample sizes of these studies. The authors found that an overweight of patients with SCC were observed in the studies with negative results. They implicated that preoperative serum CEA might play different prognostic roles in ADC and SCC. No study had demonstrated whether the prognostic value of serum CEA is comparable between ADC and SCC. Our study provided solid evidence that elevated preoperative serum CEA was associated with worse RFS in lung adenocarcinoma but not in lung squamous cell carcinoma.

CYFRA21-1, also referred to “keratin type I cytoskeletal 19”, was a kind of keratin intermediate filament proteins which were components of eukaryotic cytoskeleton. Serum CYFRA21-1 was measured to reflect the total tumor mass and the rate of cancer cell lysis as it was released from degraded cytoskeleton (30). Elevated CYFRA21-1 was reported to predict worse survival in patients with surgically treated NSCLC (5, 7, 8, 31–33). It was also reported to predict efficiency of treatment with EGFR-TKIs in advanced NSCLC (34). Nevertheless, the majority of the patients in these studies with positive results were diagnosed with ADC and the studies with a higher proportion of SCC reported conflicting results (35, 36). We implied that preoperative serum CYFRA21-1 was independent prognostic factor for patients with adenocarcinoma but not for patients with lung squamous cell carcinoma. Our study demonstrated that patients with an elevated CYFRA21-1 serum level had a shorter recurrence free survival than those with a normal serum level in patients with surgically treated lung adenocarcinoma. But the prognostic significance was not observed in patients with lung SCC. In our study, SCC showed a larger median tumor size than ADC which indicated that more necrosis might occur in SCC. It might lead to the high proportion of patients with an elevated level of serum CYFRA21-1 in SCC which might further result in its inefficiency in prognosis prediction. For radiologically solid ADC, elevated serum CYFRA21-1 might reflect tumor necrosis caused by aggressive growth which was associated with poorer survival.

NSE was a glycolytic enzyme mainly expressed in neuroendocrine tumors such as small cell lung cancer and large cell neuroendocrine carcinoma. In other histological classifications of NSCLC, elevated NSE might reflect its neuroendocrine differentiation or the presentation of SCLC components. In inoperable non-small cell lung cancer, some studies showed that a high serum NSE level was associated with a significantly worse prognosis (37–40). N Viñolas and colleagues found that a high pretreatment serum NSE level was associated with a more probability of response to treatment although it was also associated with a worse prognosis (41). Similarly, there were still some studies which came to a conflicting conclusion (42–44). A meta-analysis included 8 studies focusing on the prognosis value of NSE in NSCLC was published in 2014. The patients in all the 8 studies were treated with chemotherapy with or without radiotherapy combined. It indicated that serum NSE level was not a significant prognostic factor for NSCLC (45). In surgically treated NSCLC, controversial still remained regarding the prognostic value of serum NSE. Dangfan Yu and colleagues found that a high preoperative serum NSE portended a worse survival in operable NSCLC (6). Shouying Li and colleagues demonstrated that a high level of NSE was associated with a worse survival in surgically resected lung adenocarcinoma patients harboring anaplastic lymphoma kinase rearrangements (46). However, the majority of previous studies found that the prognostic value of preoperative serum NSE in surgically treated NSCLC was limited (5, 8, 47–49). Our study indicated that elevated preoperative serum NSE did not indicate a worse survival in completed resected lung adenocarcinoma an SCC which was consistent with the majority of previous studies.

CA199, also known as sialyl Lewisa antigen, was mainly utilized in the diagnosis and treatment of pancreatic carcinoma nowadays (50, 51). It was deduced to involve in the extravasation of cancer cells from blood to distant organs. CA199 was expressed in normal human epithelial tissues of pancreas, gall bladder, stomach, bronchus, ovary and fallopian tube. In the blood of cancer patients, the elevated CA199 level reflected its production by and release from cancer cells (52). Toshiaki Kawai et al. found that serum CA199 was correlated with survival in advanced lung adenocarcinoma but not in early-stage lung adenocarcinoma (53). J Niklinski and colleagues found that elevated serum CA199 indicated worse survival in patients with NSCLC (54). Due to the scarcity of studies focused on the prognostic significance of serum CA199 in NSCLC, the prognostic significance of serum CA199 in NSCLC was always neglected. In our study, preoperative serum CA199 was not corrected with RFS in patients with lung adenocarcinoma in the multivariable analysis while it was an independent prognostic factor for patients with lung SCC. The prognostic value of serum CA199 in lung SCC was a new finding, we were also cautious about this result. External validations might be required to confirm this result. Also, further studies were required to reveal the mechanism underneath.

Our study showed that elevated preoperative serum CA125 was associated with poorer RFS in lung adenocarcinoma regardless of its radiological appearance. CA125 was mainly utilized in the management of ovarian carcinoma (55). It was a peptide epitope of a membrane-spanning mucin MUC16 which promoted cancer cell proliferation and inhibited anti-cancer immune responses. MUC16 was expressed in normal ovarian, endometrial, corneal and bronchial epithelial cells. It was overexpressed in multiple malignant tumor types including breast, pancreatic, colorectal and lung cancer. MUC16 was released from the cell surface following proteolytic cleavage and rapidly processed by the reticulo-endothelial cells in circulation, leaving behind debris of the mucin in circulation to be detected such as the CA125 (56). The studies of Pollan and Yu suggested that elevated preoperative serum CA125 was related to poorer outcome in patients with NSCLC (6, 57). Ma and colleagues analyzed 164 patients with surgically resected NSCLC of stage I and found that no significant difference of survival was observed between patients with an elevated preoperative serum CA125 level and those with a normal level (8). The prognostic value of CA125 was still in controversial with these conflicting results. Our study provided solid evidence that elevated preoperative serum CA125 was associated with poorer survival both in GGO-featured adenocarcinoma and radiologically solid adenocarcinoma.

With immunotherapy widely used in advanced lung cancer, a series of studies had focused on the biomarkers such as PD-L1 expression and tumor mutation burden (TMB) to predict the efficiency of immune checkpoint inhibitors (58–63). These immunological parameters were also used in prognosis prediction in patients with surgically resected NSCLC. Siddhartha Devarakonda and colleagues reported that high TMB was associated with a better prognosis (64) while Yuki Owada-Ozak and colleagues reported conflicting results (65). A large cohort study from South Korea revealed that PD-L1 expression might be associated with poor prognosis in patients with resected NSCLC though the significance weakened when postoperative treatment was taken into consideration (66). The association of serum tumor markers and these immunological characteristics was unclear. Further study was recommended to include these immunological parameters to reduce the bias caused by imbalance in immunological characteristics. The interaction between serum tumor markers and tumor immune microenvironment might also require further study to explore.

With the finding that preoperative serum tumor markers could provide more information regarding the probability of recurrence, assay of preoperative serum tumor markers such as CEA, CYFRA21-1, CA125 and CA199 might be recommended in routine clinical practice in the future. For patients with lung ADC, more intensive follow-up strategy should be utilized for patients with elevated preoperative serum CEA, CYFRA21-1 or CA125. Similarly, more careful follow-up strategy should be also utilized in lung SCC patients with elevated serum CA199. On the other hand, for patients of stage IB, the adjuvant chemotherapy might be guided by the level of preoperative serum tumor markers in some ways. For patients diagnosed with GGO, sublobar resection might be precluded by an elevated preoperative serum CEA or CA125. Surgeons should take preoperative serum CEA and CA125 into account when planning the operation procedure for GGO. Further studies were required to validate these perspectives.

Some limitations of this study must be noticed. It was a single institutional study and the selection bias seemed to be inevitable. The selection bias might also be introduced by the exclusion of AIS, MIA and LPA in the analyses. Also, the data were collected retrospectively and the recall bias might have an influence on the final results. The median follow-up time was only 41 months which might lead to inadequate events to perform overall survival analyses. Finally, data of immunological characteristics were missing in this study, hence potential imbalance in immunological characteristics might also affect the results.



Conclusions

In conclusion, elevated preoperative serum CEA, CYFRA21-1 and CA125 were associated with worse RFS in patients with surgically resected lung adenocarcinoma while CA199 was in patients with surgically resected lung SCC. In patients with radiologically solid adenocarcinoma, elevated preoperative serum CYFRA21-1 and CA125 predicted worse RFS and elevated preoperative serum CEA and CA125 were independent prognostic factors for patients with GGO-featured adenocarcinoma. The prognostic significances of preoperative serum tumor markers in non-small cell lung cancer varied with radiological features and histological types.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author Contributions

HC: Conceptualization, data curation, formal analysis, writing - original draft, and writing - review and editing. FF: Data curation, methodology, and writing - review and editing. YZ: Data curation, project administration, and writing - review and editing. HW: Data curation, Writing - review and editing. HH: Project administration, supervision, and writing - review and editing. YS: Supervision, and writing - review and editing. YawZ: Supervision, and writing - review and editing. XJ: Supervision, and writing - review and editing. YanZ: Conceptualization, methodology, project administration, writing - original draft, investigation, and writing - review and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (81930073), Shanghai Municipal Science and Technology Major Project (Grant No. 2017SHZDZX01, VBH1323001/026), Shanghai Municipal Key Clinical Specialty Project (SHSLCZDZK02104), and Pilot Project of Fudan University (IDF159034).



References

1. Diez, M, Torres, A, Maestro, ML, Ortega, MD, Gomez, A, Pollan, M, et al. Prediction of Survival and Recurrence by Serum and Cytosolic Levels of CEA, CA125 and SCC Antigens in Resectable Non-Small-Cell Lung Cancer. Br J Cancer (1996) 73:1248–54. doi: 10.1038/bjc.1996.239

2. Icard, P, Regnard, JF, Essomba, A, Panebianco, V, Magdeleinat, P, and Levasseur, P. Preoperative Carcinoembryonic Antigen Level as a Prognostic Indicator in Resected Primary Lung Cancer. Ann Thorac Surg (1994) 58:811–4. doi: 10.1016/0003-4975(94)90755-2

3. Rubins, JB, Dunitz, J, Rubins, HB, Maddaus, MA, and Niewoehner, DE. Serum Carcinoembryonic Antigen as an Adjunct to Preoperative Staging of Lung Cancer. J Thorac Cardiovasc Surg (1998) 116:412–6. doi: 10.1016/S0022-5223(98)70007-8

4. Matsuoka, K, Sumitomo, S, Nakashima, N, Nakajima, D, and Misaki, N. Prognostic Value of Carcinoembryonic Antigen and CYFRA21-1 in Patients With Pathological Stage I Non-Small Cell Lung Cancer. Eur J Cardiothorac Surg (2007) 32:435–9. doi: 10.1016/j.ejcts.2007.05.014

5. Reinmuth, N, Brandt, B, Semik, M, Kunze, WP, Achatzy, R, Scheld, HH, et al. Prognostic Impact of Cyfra21-1 and Other Serum Markers in Completely Resected Non-Small Cell Lung Cancer. Lung Cancer (2002) 36:265–70. doi: 10.1016/s0169-5002(02)00009-0

6. Yu, D, Du, K, Liu, T, and Chen, G. Prognostic Value of Tumor Markers, NSE, CA125 and SCC, in Operable NSCLC Patients. Int J Mol Sci (2013) 14:11145–56. doi: 10.3390/ijms140611145

7. Hanagiri, T, Sugaya, M, Takenaka, M, Oka, S, Baba, T, Shigematsu, Y, et al. Preoperative CYFRA 21-1 and CEA as Prognostic Factors in Patients With Stage I Non-Small Cell Lung Cancer. Lung Cancer (2011) 74:112–7. doi: 10.1016/j.lungcan.2011.02.001

8. Ma, S, Shen, L, Qian, N, and Chen, K. The Prognostic Values of CA125, CA19.9, NSE, and SCC for Stage I NSCLC are Limited. Cancer Biomark (2011) 10:155–62. doi: 10.3233/CBM-2012-0246

9. Nisman, B, Lafair, J, Heching, N, Lyass, O, Baras, M, Peretz, T, et al. Evaluation of Tissue Polypeptide Specific Antigen, CYFRA 21-1, and Carcinoembryonic Antigen in Nonsmall Cell Lung Carcinoma: Does the Combined Use of Cytokeratin Markers Give Any Additional Information? Cancer (1998) 82:1850–9. doi: 10.1002/(sici)1097-0142(19980515)82:10<1850::aid-cncr6>3.0.co;2-r

10. Ichinose, Y, Yano, T, Asoh, H, Yokoyama, H, Yoshino, I, and Katsuda, Y. Prognostic Factors Obtained by a Pathologic Examination in Completely Resected Non-Small-Cell Lung Cancer. An Analysis in Each Pathologic Stage. J Thorac Cardiovasc Surg (1995) 110:601–5. doi: 10.1016/S0022-5223(95)70090-0

11. Cancer Genome Atlas Research N. Comprehensive Genomic Characterization of Squamous Cell Lung Cancers. Nature (2012) 489:519–25. doi: 10.1038/nature11404

12. Cancer Genome Atlas Research N. Comprehensive Molecular Profiling of Lung Adenocarcinoma. Nature (2014) 511:543–50. doi: 10.1038/nature13385

13. Faruki, H, Mayhew, GM, Serody, JS, Hayes, DN, Perou, CM, and Lai-Goldman, M. Lung Adenocarcinoma and Squamous Cell Carcinoma Gene Expression Subtypes Demonstrate Significant Differences in Tumor Immune Landscape. J Thorac Oncol (2017) 12:943–53. doi: 10.1016/j.jtho.2017.03.010

14. Wang, BY, Huang, JY, Chen, HC, Lin, CH, Lin, SH, Hung, WH, et al. The Comparison Between Adenocarcinoma and Squamous Cell Carcinoma in Lung Cancer Patients. J Cancer Res Clin Oncol (2020) 146:43–52. doi: 10.1007/s00432-019-03079-8

15. Nisman, B, Amir, G, Lafair, J, Heching, N, Lyass, O, Peretz, T, et al. Prognostic Value of CYFRA 21-1, TPS and CEA in Different Histologic Types of Non-Small Cell Lung Cancer. Anticancer Res (1999) 19:3549–52.

16. Tomita, M, Matsuzaki, Y, Edagawa, M, Shimizu, T, Hara, M, and Onitsuka, T. Prognostic Significance of Preoperative Serum Carcinoembryonic Antigen Level in Lung Adenocarcinoma But Not Squamous Cell Carcinoma. Ann Thorac Cardiovasc Surg (2004) 10:76–80.

17. Zhang, Y, Fu, F, and Chen, H. Management of Ground-Glass Opacities in the Lung Cancer Spectrum. Ann Thorac Surg (2020) 110:1796–804. doi: 10.1016/j.athoracsur.2020.04.094

18. Hattori, A, Suzuki, K, Takamochi, K, Wakabayashi, M, Aokage, K, Saji, H, et al. Prognostic Impact of a Ground-Glass Opacity Component in Clinical Stage IA Non-Small Cell Lung Cancer. J Thorac Cardiovasc Surg (2021) 161:1469–80. doi: 10.1016/j.jtcvs.2020.01.107

19. Aokage, K, Miyoshi, T, Ishii, G, Kusumoto, M, Nomura, S, Katsumata, S, et al. Influence of Ground Glass Opacity and the Corresponding Pathological Findings on Survival in Patients With Clinical Stage I Non-Small Cell Lung Cancer. J Thorac Oncol (2018) 13:533–42. doi: 10.1016/j.jtho.2017.11.129

20. Ye, T, Deng, L, Wang, S, Xiang, J, Zhang, Y, Hu, H, et al. Lung Adenocarcinomas Manifesting as Radiological Part-Solid Nodules Define a Special Clinical Subtype. J Thorac Oncol (2019) 14:617–27. doi: 10.1016/j.jtho.2018.12.030

21. Fu, F, Zhang, Y, Wen, Z, Zheng, D, Gao, Z, Han, H, et al. Distinct Prognostic Factors in Patients With Stage I Non-Small Cell Lung Cancer With Radiologic Part-Solid or Solid Lesions. J Thorac Oncol (2019) 14:2133–42. doi: 10.1016/j.jtho.2019.08.002

22. Russell, PA, Wainer, Z, Wright, GM, Daniels, M, Conron, M, and Williams, RA. Does Lung Adenocarcinoma Subtype Predict Patient Survival?: A Clinicopathologic Study Based on the New International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society International Multidisciplinary Lung Adenocarcinoma Classification. J Thorac Oncol (2011) 6:1496–504. doi: 10.1097/JTO.0b013e318221f701

23. Hung, JJ, Yeh, YC, Jeng, WJ, Wu, KJ, Huang, BS, Wu, YC, et al. Predictive Value of the International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society Classification of Lung Adenocarcinoma in Tumor Recurrence and Patient Survival. J Clin Oncol (2014) 32:2357–64. doi: 10.1200/JCO.2013.50.1049

24. Morales-Oyarvide, V, and Mino-Kenudson, M. High-Grade Lung Adenocarcinomas With Micropapillary and/or Solid Patterns: A Review. Curr Opin Pulm Med (2014) 20:317–23. doi: 10.1097/MCP.0000000000000070

25. Suzuki, K, Koike, T, Asakawa, T, Kusumoto, M, Asamura, H, Nagai, K, et al. A Prospective Radiological Study of Thin-Section Computed Tomography to Predict Pathological Noninvasiveness in Peripheral Clinical IA Lung Cancer (Japan Clinical Oncology Group 0201). J Thorac Oncol (2011) 6:751–6. doi: 10.1097/JTO.0b013e31821038ab

26. Huang, TW, Lin, KH, Huang, HK, Chen, YI, Ko, KH, Chang, CK, et al. The Role of the Ground-Glass Opacity Ratio in Resected Lung Adenocarcinoma. Eur J Cardiothorac Surg (2018) 54:229–34. doi: 10.1093/ejcts/ezy040

27. Gold, P, Shuster, J, and Freedman, SO. Carcinoembryonic Antigen (CEA) in Clinical Medicine: Historical Perspectives, Pitfalls and Projections. Cancer (1978) 42:1399–405. doi: 10.1002/1097-0142(197809)42:3+<1399::aid-cncr2820420803>3.0.co;2-p

28. Chevinsky, AH. CEA in Tumors of Other Than Colorectal Origin. Semin Surg Oncol (1991) 7:162–6. doi: 10.1002/ssu.2980070309

29. Grunnet, M, and Sorensen, JB. Carcinoembryonic Antigen (CEA) as Tumor Marker in Lung Cancer. Lung Cancer (2012) 76:138–43. doi: 10.1016/j.lungcan.2011.11.012

30. Buccheri, G, and Ferrigno, D. Lung Tumor Markers of Cytokeratin Origin: An Overview. Lung Cancer (2001) 34 Suppl 2:S65–9. doi: 10.1016/s0169-5002(01)00347-6

31. Muley, T, Dienemann, H, and Ebert, W. CYFRA 21-1 and CEA Are Independent Prognostic Factors in 153 Operated Stage I NSCLC Patients. Anticancer Res (2004) 24:1953–6.

32. Tomita, M, Shimizu, T, Ayabe, T, Yonei, A, and Onitsuka, T. Prognostic Significance of Tumour Marker Index Based on Preoperative CEA and CYFRA 21-1 in Non-Small Cell Lung Cancer. Anticancer Res (2010) 30:3099–102.

33. Suzuki, H, Ishikawa, S, Satoh, H, Ishikawa, H, Sakai, M, Yamamoto, T, et al. Preoperative CYFRA 21-1 Levels as a Prognostic Factor in C-Stage I Non-Small Cell Lung Cancer. Eur J Cardiothorac Surg (2007) 32:648–52. doi: 10.1016/j.ejcts.2007.06.032

34. Tanaka, K, Hata, A, Kaji, R, Fujita, S, Otoshi, T, Fujimoto, D, et al. Cytokeratin 19 Fragment Predicts the Efficacy of Epidermal Growth Factor Receptor-Tyrosine Kinase Inhibitor in Non-Small-Cell Lung Cancer Harboring EGFR Mutation. J Thorac Oncol (2013) 8:892–8. doi: 10.1097/JTO.0b013e31828c3929

35. Szturmowicz, M, Sakowicz, A, Rudzinski, P, Zych, J, Wiatr, E, Zaleska, J, et al. The Clinical Value of Cyfra 21-1 Estimation for Lung Cancer Patients. Int J Biol Markers (1996) 11:172–7. doi: 10.1177/172460089601100306

36. Szturmowicz, M, Rudzinski, P, Kacprzak, A, Langfort, R, Bestry, I, Broniarek-Samson, B, et al. Prognostic Value of Serum C-reactive Protein (CRP) and Cytokeratin 19 Fragments (Cyfra 21-1) But Not Carcinoembryonic Antigen (CEA) in Surgically Treated Patients With Non-Small Cell Lung Cancer. Pneumonol Alergol Pol (2014) 82:422–9. doi: 10.5603/PiAP.2014.0055

37. Andoh, M, Gemma, A, Takenaka, K, Hisakatsu, S, Yamada, K, Usuki, J, et al. Serum Neuron Specific Enolase Level as a Prognostic Factor in Non-Small Cell Lung Cancer. Intern Med (1994) 33:271–6. doi: 10.2169/internalmedicine.33.271

38. Diez, M, Torres, A, Ortega, L, Maestro, M, Hernando, F, Gomez, A, et al. Value of Serum Neuron-Specific Enolase in Nonsmall Cell Lung Cancer. Oncology (1993) 50:127–31. doi: 10.1159/000227163

39. Maeda, T, Ueoka, H, Tabata, M, Kiura, K, Shibayama, T, Gemba, K, et al. Prognostic Factors in Advanced Non-Small Cell Lung Cancer: Elevated Serum Levels of Neuron Specific Enolase Indicate Poor Prognosis. Jpn J Clin Oncol (2000) 30:534–41. doi: 10.1093/jjco/hyd139

40. Pujol, JL, Boher, JM, Grenier, J, and Quantin, X. Cyfra 21-1, Neuron Specific Enolase and Prognosis of Non-Small Cell Lung Cancer: Prospective Study in 621 Patients. Lung Cancer (2001) 31:221–31. doi: 10.1016/s0169-5002(00)00186-0

41. Vinolas, N, Molina, R, Galan, MC, Casas, F, Callejas, MA, Filella, X, et al. Tumor Markers in Response Monitoring and Prognosis of Non-Small Cell Lung Cancer: Preliminary Report. Anticancer Res (1998) 18:631–4.

42. van Zandwijk, N, Jassem, E, Bonfrer, JM, Mooi, WJ, and van Tinteren, H. Serum Neuron-Specific Enolase and Lactate Dehydrogenase as Predictors of Response to Chemotherapy and Survival in Non-Small Cell Lung Cancer. Semin Oncol (1992) 19:37–43.

43. Tiseo, M, Ardizzoni, A, Cafferata, MA, Loprevite, M, Chiaramondia, M, Filiberti, R, et al. Predictive and Prognostic Significance of Neuron-Specific Enolase (NSE) in Non-Small Cell Lung Cancer. Anticancer Res (2008) 28:507–13.

44. Zych, J, Szturmowicz, M, Sakowicz, A, Slodkowska, J, Zaleska, M, Radzikowska, E, et al. [Neuron-Specific Enolase (NSE) Serum Level as a Prognostic Factor in Non-Small Cell Lung Cancer]. Pneumonol Alergol Pol (2002) 70:278–83.

45. Yan, HJ, Tan, Y, and Gu, W. Neuron Specific Enolase and Prognosis of Non-Small Cell Lung Cancer: A Systematic Review and Meta-Analysis. J BUON (2014) 19:153–6.

46. Li, S, Cao, L, Wang, X, Wang, F, Wang, L, and Jiang, R. Neuron-Specific Enolase Is an Independent Prognostic Factor in Resected Lung Adenocarcinoma Patients With Anaplastic Lymphoma Kinase Gene Rearrangements. Med Sci Monit (2019) 25:675–90. doi: 10.12659/MSM.913054

47. Isaksson, S, Jonsson, P, Monsef, N, Brunnstrom, H, Bendahl, PO, Jonsson, M, et al. CA 19-9 and CA 125 as Potential Predictors of Disease Recurrence in Resectable Lung Adenocarcinoma. PloS One (2017) 12:e0186284. doi: 10.1371/journal.pone.0186284

48. Foa, P, Fornier, M, Miceli, R, Seregni, E, Santambrogio, L, Nosotti, M, et al. Tumour Markers CEA, NSE, SCC, TPA and CYFRA 21.1 in Resectable Non-Small Cell Lung Cancer. Anticancer Res (1999) 19:3613–8.

49. Foa, P, Fornier, M, Miceli, R, Seregni, E, Santambrogio, L, Nosotti, M, et al. Preoperative CEA, NSE, SCC, TPA and CYFRA 21.1 Serum Levels as Prognostic Indicators in Resected Non-Small Cell Lung Cancer. Int J Biol Markers (1999) 14:92–8. doi: 10.1177/172460089901400206

50. Jalanko, H, Kuusela, P, Roberts, P, Sipponen, P, Haglund, CA, and Makela, O. Comparison of a New Tumour Marker, CA 19-9, With Alpha-Fetoprotein and Carcinoembryonic Antigen in Patients With Upper Gastrointestinal Diseases. J Clin Pathol (1984) 37:218–22. doi: 10.1136/jcp.37.2.218

51. Safi, F, Roscher, R, and Beger, HG. The Clinical Relevance of the Tumor Marker CA 19-9 in the Diagnosing and Monitoring of Pancreatic Carcinoma. Bull Cancer (1990) 77:83–91.

52. Dietel, M, Arps, H, Klapdor, R, Muller-Hagen, S, Sieck, M, and Hoffmann, L. Antigen Detection by the Monoclonal Antibodies CA 19-9 and CA 125 in Normal and Tumor Tissue and Patients’ Sera. J Cancer Res Clin Oncol (1986) 111:257–65. doi: 10.1007/BF00389242

53. Kawai, T, Suzuki, M, Kase, K, and Ozeki, Y. Expression of Carbohydrate Antigens in Human Pulmonary Adenocarcinoma. Cancer (1993) 72:1581–7. doi: 10.1002/1097-0142(19930901)72:5<1581::aid-cncr2820720515>3.0.co;2-b

54. Niklinski, J, Furman, M, Laudanski, J, and Kozlowski, M. Prognostic Value of Pretreatment CEA, SCC-Ag and CA 19-9 Levels in Sera of Patients With Non-Small Cell Lung Cancer. Eur J Cancer Prev (1992) 1:401–6. doi: 10.1097/00008469-199210000-00002

55. Buys, SS, Partridge, E, Black, A, Johnson, CC, Lamerato, L, Isaacs, C, et al. Effect of Screening on Ovarian Cancer Mortality: The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Randomized Controlled Trial. JAMA (2011) 305:2295–303. doi: 10.1001/jama.2011.766

56. Felder, M, Kapur, A, Gonzalez-Bosquet, J, Horibata, S, Heintz, J, Albrecht, R, et al. MUC16 (CA125): Tumor Biomarker to Cancer Therapy, a Work in Progress. Mol Cancer (2014) 13:129. doi: 10.1186/1476-4598-13-129

57. Pollan, M, Varela, G, Torres, A, de la Torre, M, Ludena, MD, Ortega, MD, et al. Clinical Value of p53, c-erbB-2, CEA and CA125 Regarding Relapse, Metastasis and Death in Resectable Non-Small Cell Lung Cancer. Int J Cancer (2003) 107:781–90. doi: 10.1002/ijc.11472

58. Yu, H, Boyle, TA, Zhou, C, Rimm, DL, and Hirsch, FR. PD-L1 Expression in Lung Cancer. J Thorac Oncol (2016) 11:964–75. doi: 10.1016/j.jtho.2016.04.014

59. Sholl, LM, Hirsch, FR, Hwang, D, Botling, J, Lopez-Rios, F, Bubendorf, L, et al. The Promises and Challenges of Tumor Mutation Burden as an Immunotherapy Biomarker: A Perspective From the International Association for the Study of Lung Cancer Pathology Committee. J Thorac Oncol (2020) 15:1409–24. doi: 10.1016/j.jtho.2020.05.019

60. Garon, EB, Rizvi, NA, Hui, R, Leighl, N, Balmanoukian, AS, Eder, JP, et al. Pembrolizumab for the Treatment of Non-Small-Cell Lung Cancer. N Engl J Med (2015) 372:2018–28. doi: 10.1056/NEJMoa1501824

61. Brahmer, J, Reckamp, KL, Baas, P, Crino, L, Eberhardt, WE, Poddubskaya, E, et al. Nivolumab Versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl J Med (2015) 373:123–35. doi: 10.1056/NEJMoa1504627

62. Herbst, RS, Baas, P, Kim, DW, Felip, E, Perez-Gracia, JL, Han, JY, et al. Pembrolizumab Versus Docetaxel for Previously Treated, PD-L1-Positive, Advanced Non-Small-Cell Lung Cancer (KEYNOTE-010): A Randomised Controlled Trial. Lancet (2016) 387:1540–50. doi: 10.1016/S0140-6736(15)01281-7

63. Carbone, DP, Reck, M, Paz-Ares, L, Creelan, B, Horn, L, Steins, M, et al. First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell Lung Cancer. N Engl J Med (2017) 376:2415–26. doi: 10.1056/NEJMoa1613493

64. Devarakonda, S, Rotolo, F, Tsao, MS, Lanc, I, Brambilla, E, Masood, A, et al. Tumor Mutation Burden as a Biomarker in Resected Non-Small-Cell Lung Cancer. J Clin Oncol (2018) 36:2995–3006. doi: 10.1200/JCO.2018.78.1963

65. Owada-Ozaki, Y, Muto, S, Takagi, H, Inoue, T, Watanabe, Y, Fukuhara, M, et al. Prognostic Impact of Tumor Mutation Burden in Patients With Completely Resected Non-Small Cell Lung Cancer: Brief Report. J Thorac Oncol (2018) 13:1217–21. doi: 10.1016/j.jtho.2018.04.003

66. Sun, JM, Zhou, W, Choi, YL, Choi, SJ, Kim, SE, Wang, Z, et al. Prognostic Significance of PD-L1 in Patients With Non-Small Cell Lung Cancer: A Large Cohort Study of Surgically Resected Cases. J Thorac Oncol (2016) 11:1003–11. doi: 10.1016/j.jtho.2016.04.007



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.

Copyright © 2021 Chen, Fu, Zhao, Wu, Hu, Sun, Zhang, Xiang and Zhang. 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-11-645159-g002.jpg





OEBPS/Images/fonc-11-645159-g005.jpg





OEBPS/Images/fonc-11-645159-g003.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Prognostic Value of Preoperative Serum Tumor Markers in Non-Small Cell Lung Cancer Varies With Radiological Features and Histological Types

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        



        		

          Results

        

          		

            Correlation Between Serum Tumor Markers and Clinicopathological Characteristics

          



          		

            Recurrence Free Survival of Patients With Elevated Serum Tumor Markers

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Variables

Sex
Age
Smoking History
CTR

Surgery
LVI

VPI
p-Size
Histology
T

CEA
CYFRA21-1
NSE
CA125
CA153
CA199

Male

Yes

CTR<0.5
0.5<=CTR<1
Lobar vs. Sublobar
Present vs. Absent
Present vs. Absent

HGADC vs. LGADC

T
T2
T3
T4

NO
N1
N2
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal

Univariable
HR

2.245 (1.438-3.504)
1.004 (0.981-1.028)
1.917 (1.217-3.022)

1

5.524 (2.540-12.013)
1.459 (0.882-2.413)

6.115 (3.511-10.650)
1.756 (1.036-2.974)
1.494 (1.321-1.689)
2.124 (1.350-3.343)

1
2.825 (1.742-4.579)
1.431 (0.198-10.348)

14.924 (2.034-109.525)

1
3.646 (1.455-9.133)
9.973 (5.740-17.328)
2,125 (1.691-2.669)
1.302 (1.038-1.635)
0.645 (0.320-1.302)
2,285 (1.614-3.235)
1.204 (0.676-2.145)
0.815 (0.458-1.451)

P

<0.001
0.712
0.005

<0.001
0.141

<0.001
0.036
<0.001
0.001

<0.001

<0.001
0.723
0.008
<0.001

0.006
<0.001
<0.001

0.023
0.645
<0.001
0.529
0.487

Multivariable
HR

2.106 (1.339-3.311)
1

3.390 (1.523-7.546)

2.370 (1.272-4.415)

1.234 (1.055-1.464)

1
1.620 (0.619-4.242)
3.075 (1.654-5.716)
2.160 (1.311-3.558)

2.475 (1.163-5.266)

0.001

0.003

0.007

0.009

0.002
0.326

<0.001
0.003

0.019

HR, hazard ratio; CTR, consolidation to tumor ratio; LVI, lymph vascular invasion; \V/PI, visceral pleural invasion; HGADC, high grade adenocarcinoma; LGADC, low grade adenocarcinoma.
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1
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1.456 (1.196-1.772)
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1.178 (1.119-1.240)
1.601 (1.220-2.101)

1
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)
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3.308
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0.007

<0.001
<0.001

0.001
<0.001
<0.001

0.001

<0.001

0.001
<0.001

0.015
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HR, hazard ratio; CTR, consolidation to tumor ratio; LVI, lymph vascular invasion; \V/PI, visceral pleural invasion; LGADC, low grade adenocarcinoma; HGADC, high grade adenocarcinoma.
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Variables NSCLC (2,654) ADC (1,914) SCC (740)
Sex, n (%) Female 1071 (40.4%) 1028 (63.7%) 43 (5.8%)
Male 1583 (69.6%) 886 (46.3%) 697 (94.2%)
Age (yr.) median (quartiles) 61 (55-67) 61 (54-67) 62 (56-68)
Smoking History, n (%) Never 1447 (54.5%) 1299 (67.9%) 148 (20.0%)
Yes 1207 (45.5%) 615 (32.1%) 592 (80.0%)
Radiological feature, n (%) pGGO 71 (2.7%) 71 (3.7%) 0
mGGO 633 (23.9%) 598 (31.2%) 35 (4.7%)
Solid 1950 (73.5%) 1245 (65.0%) 705 (95.3%)
Surgery, n (%) Sublobar 86 (3.2%) 83 (4.3%) 3(0.4%)
Lobar 2568 (96.8%) 1831 (95.7%) 737 (99.6%)
LVI, n (%) Absent 2263 (85.3%) 1624 (84.8%) 639 (86.4%)
Present 391 (14.7%) 290 (15.2%) 101 (13.6%)
VPI, n (%) Absent 2095 (78.9%) 1457 (76.1%) 638 (86.2%)
Present 559 (21.1%) 457 (23.9%) 102 (13.8%)
p-Size (cm) median (quartiles) 2.5(1.8-4.0) 2.3(1.6-3.0) 4.0 (3.0-6.5)
Histology, n (%) sce 740 (27.9%) 0 740 (100%)
HGADC 327 (12.3%) 327 (17.1%) 0
LGADC 1587 (69.8%) 1587 (82.9%) 0
T, n (%) T 1288 (48.5%) 1201 (62.7%) 185 (25.0%)
T2 1044 (39.3%) 610 (31.9%) 427 (57.7%)
T3 217 (8.2%) 87 (4.5%) 114 (15.4%)
T4 105 (4.0%) 16 (0.8%) 14 (1.9%)
N, n (%) NO 1755 (66.1%) 1307 (68.3%) 448 (60.5%)
N1 336 (12.7%) 189 (9.9%) 147 (19.9%)
N2 563 (21.2%) 418 (21.8%) 145 (19.6%)
CEA, n (%) Elevated 694 (26.1%) 568 (29.7%) 126 (17.0%)
Normal 1960 (73.9%) 1346 (70.3%) 614 (83.0%)
CYFRA21-1, n (%) Elevated 1234 (46.5%) 666 (34.8%) 568 (76.8%)
Normal 1420 (63.5%) 1248 (65.2%) 172 (23.2%)
NSE, n (%) Elevated 286 (10.8%) 154 (8.0%) 132 (17.8%)
Normal 2368 (89.2%) 1760 (92.0%) 608 (82.2%)
CA125, n (%) Elevated 229 (8.6%) 151 (7.9%) 78 (10.5%)
Normal 2425 (91.4%) 1763 (92.1%) 662 (89.5%)
CA153, n (%) Elevated 191 (7.2%) 141 (7.4%) 50 (6.8%)
Normal 2463 (92.8%) 1773 (92.6%) 690 (93.2%)
CA199, n (%) Elevated 269 (10.1%) 197 (10.3%) 71(9.7%)
Normal 2385 (89.9%) 1717 (89.7%) 668 (90.3%)

NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma; pGGO, pure ground glass opacity; mGGO, mixed ground glass opacity; LGADC, low grade
adenocarcinoma; HGADC, high grade adenocarcinoma.
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Variables

Sex

Age

Smoking History
Surgery

LVI

VPI

p-Size

Histology

T

CEA
CYFRA21-1
NSE
CA125
CA153
CA199

Male vs. Female

Yes vs. Never

Lobar vs. Sublobar
Present vs. Absent
Present vs. Absent

HGADC vs. LGADC

™
T2
T3
T4

NO
N1
N2
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal
Elevated vs. Normal

Univariable
HR

1.205 (1.012-1.435)
0.995 (0.987-1.004)
1.202 (1.004-1.438)
1.624 (0.920-2.864)
2.272 (1.870-2.761
1.563 (1.305-1.872)
1.238 (1.187-1.291)
1.217 (1.106-1.339)

)
)
)
)
)
)

4
1.743 (1.448-2.099)
3.052 (2.240-4.159)
3.952 (1.948-8.018)

1
2.064 (1.569-2.716)
4.100 (3.385-4.965)
1.389 (1.273-1.516)
1.260 (1.154-1.375)
1.229 (1.073-1.408)
1.625 (1.439-1.835
1.459 (1.285-1.658)
1.273 (1.128-1.436)

)
)
)
)

P

0.036
0.299
0.045
0.094
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

0.003
<0.001
<0.001
<0.001

Multivariable
HR

1.404 (1.143-1.726)
1.351 (1.127-1.621)
1.182 (1.122-1.246)

1
1.639 (1.238-2.170)
3.341 (2.725-4.097)
1.256 (1.044-1.512)

1.373 (1.050-1.795)

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001

0.016

0.020

HR, hazard ratio; CTR, consolidation to tumor ratio; LVI, lymph vascular invasion; \V/PI, visceral pleural invasion; HGADC, high grade adenocarcinoma; LGADC, low grade adenocarcinoma.





