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High fibrinogen levels are 
associated with poor survival 
in patients with liposarcoma
L. S. Peschek 1, Gerhard M. Hobusch 1*, P. T. Funovics 1, M. Willegger 1, M. P. Schmid 2, 
G. Amann 3, W. Lamm 4, Th. Brodowicz 4, C. Ay 5, R. Windhager 1 & J. Panotopoulos 1

The aim of this study was to evaluate whether (preoperative) plasma levels of fibrinogen, an essential 
clotting and acute phase protein, are associated with the prognosis of patients with a liposarcoma, 
a subtype of sarcoma derived from adipose tissue. We performed a retrospective cohort study of 
158 patients with liposarcoma treated at the Department of Orthopaedics of the Medical University 
of Vienna in Austria from May 1994 to October 2021. Kaplan–Meier curves as well as uni- and 
multivariable Cox proportional hazard models were performed to evaluate the association between 
fibrinogen levels and overall survival. Elevated fibrinogen was associated with adverse overall survival 
in cause specific hazards analysis of mortality (hazard ratio [HR] per 10 mg/dL increase: 1.04; 95% 
CI 1.02–1.06; p < 0.001). This association prevailed in multivariable analysis after adjustment for 
AJCC tumor stage (HR 1.03; 95% CI 1.01–1.05; p = 0.013). Increasing levels of fibrinogen, a routinely 
available and inexpensive parameter, predicts the risk of mortality in patients with liposarcoma.

Establishing survival-prognosis of the individual patient is of uppermost interest, so there is intense focus on 
finding tumor-related prognostic factors to influence clinical decisions on operative treatment and the further 
therapeutic  concept1–3.

Liposarcomas represent a spectrum of malignant tumors with adipocytic differentiation and are one of the 
most common subtypes of soft tissue sarcoma (STS). The 5-year survival rates are between 57 and 95%. The 
clinical presentation is versatile, appearing on all body parts, but cumulatively on extremities and the retroperi-
toneum and the course of the disease is difficult to  predict4–7.

The main histological subtypes are: atypical lipomatous tumor (ALT)/well differentiated liposarcoma, myxoid/
round cell liposarcoma, dedifferentiated liposarcoma and pleomorphic  liposarcoma4,8. The pathological subclas-
sification and histologic grade are key prognostic factors for survival (Hannibal, Rutkowski): while ALT only 
carry a risk of local recurrence, the pleomorphic and dedifferentiated liposarcomas are high-grade malignancies 
with a substantial risk of metastatic  disease4,7,9. Tumor size, depth, site, grade, age at diagnosis and resection 
margins have been associated with overall survival (OS) in  STS6,7.

In recent studies the concept of the involvement of systemic inflammation and acute phase proteins in 
cancer progression and metastasis has been postulated. Specifically, elevated preoperative CRP and neutrophil/
lymphocyte ratio (NLR) as markers of systemic inflammatory response have been found to be associated with 
decreased overall survival in various  cancers10–18.

Furthermore, lower levels of serum albumin are considered to be an indicator of current systemic immune 
response to tumor cell products and inflammatory cytokines. Correspondingly, biomarkers of kidney dysfunc-
tion were identified to predict inpatient mortality. Elevated serum creatinine, low albumin, and a decreased 
albumin–creatinine ratio (ACR) were found to be negative prognostic factor with worse disease specific survival 
in patients with myofibroblastic and fibroblastic sarcoma as well as  liposarcoma19,20.

Interestingly, also a link between certain proteins of haemostasis and tumor progression was evidenced in 
previous  studies17,21–23. Ay et al. showed that high d-dimer levels, as a biomarker indicating the activation of 
haemostasis and fibrinolysis, are associated with poor overall survival and increased mortality risk in cancer 
 patients24,25.
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In observational studies, fibrinogen, which is an essential protein for blood clot formation and also an acute 
phase protein, was described as an useful prognostic biomarker for several  malignancies17,21,26,27.

The impact of plasma levels of fibrinogen on risk of mortality and survival in patients with soft tissue sarcoma 
has been described, however, the value in association with liposarcoma has not yet been elucidated.

The aim of the present study was to investigate plasma levels of fibrinogen as a prognostic biomarker in 
patients with liposarcoma.

Patients and methods
The study population consisted of a total of 184 patients with histologically confirmed liposarcoma, that were 
treated at the Department of Orthopaedic Surgery, Medical University of Vienna from 1994 to 2021. All patients 
were followed-up until July 2021 at our department with a standardized interval, which contains examinations 
every 3 months during the first 3 years, every 6 months in year 4 and 5 and in 12-month intervals after that.

Post-operative surveillance incorporated clinical examination, ultrasound of the abdomen, computed tomog-
raphy scans of the thorax and local magnetic resonance imaging.

A cut-off of 12 weeks was defined and excluded all patients (patients who have been operated on account of 
their sarcoma at an outside clinic prior referral to our department because of insufficient excision or nonradical 
resection margins) with a longer duration between index surgery and referral to our clinic. The study population 
incorporates 158 patients with complete clinical pathological data (i.e. the final study population) and retro-
spectively, the corresponding data was collected from medical reports (sex, age, laboratory parameters, tumor 
site, tumor size, tumor depth, histology, resection margins, tumor stage, neoadjuvant and adjuvant radiotherapy, 
adjuvant chemotherapy, local recurrence).

In the study population, 11 patients (6.96%) received preoperative radiotherapy.
Laboratory data from routine inquiries were acquired within 2 weeks before surgical treatment and the 

minimum interval to radiotherapy is 22 days.
Histopathological analysation, as well as diagnoses, were done in accordance with to the current WHO 

classification for soft tissue and bone tumors and validated at our clinic by an proficient pathologist specialised 
in  STS8. According to AJCC criteria, tumor stage was  generated29, Resection margins were allocated following 
Enneking et al.28 and grading (i.e. G1–G3) according to the French Federation of Cancer Centres Sarcoma Group 
(FNCLCC) grading system)30.

This work was given approval by our local ethics committee of the Medical University of Vienna, Austria. We 
conform that all methods took place in accordance with relevant guidelines and regulations, under informed 
consent from all participants.

Level of evidence III (retrospective cohort study).

Statistical analysis. For any statistical analyses and graphical visualization IBM SPSS Statistics, Version 27, 
SPSS Inc, Chicago, IL, USA, was utilized. Continuous data was summarized, using mean values, medians and 
ranges and categorical data by absolute frequencies and percentages. For the calculation of correlations, Spear-
mann’s correlation coefficient was applied. Baseline was determined as the day of first diagnosis and the endpoint 
(overall survival) was defined as death from any cause, which in this study could carefully be considered as equal 
of death of disease. We considered follow-up time as the timespan from index surgery to death or last known 
alive. Calculation of survival probabilities were computed with the Kaplan–Meier product limit estimator. For 
this purpose, serum Fibrinogen levels were categorized into < 450 and ≥ 450 mg/dL. Comparison of the survival 
functions of two or more patient groups, were applied with the log-rank test. Further, for the evaluation of the 
relation between baseline variables and survival, uni- and multivariable Cox proportional hazards regression 
models were fitted. Calculation of the multivariable model was computed with the co-variable AJCC tumor 
stage. P values < 0.05 were considered to indicate statistical significance.

Results
The median age of the total study population was 66.4 (range 7–99) years and the median follow-up time 
37.5 months (range 1–228.8 months). The median baseline fibrinogen level (g/L) was 353.0 (range 132.0–956.0).

The primary tumor was located as follows: extremities in 137 cases (86.7%), trunk in 12 (7.7%) and other 
location in 9 (5.7%).

The baseline study population characteristics are shown in Table 1.
In cause specific hazards analysis of overall survival, elevated fibrinogen was associated with adverse overall 

survival (hazard ratio [HR] per 10 mg/dL increase: 1.04; 95% CI 1.02–1.06; p < 0.001). This association prevailed 
after adjustment for AJCC tumor stage (HR 1.03; 95% CI 1.01–1.05; p = 0.013) in multivariable analysis.

Fibrinogen is highly correlated with both CRP, NLR and Alkalic Phosphatase (ρ = 0.38; p < 0.001, ρ = 0.18; 
p = 0.024 and ρ = 0.39; p < 0.001). Moreover, there is strong evidence for an inverse correlation between haemo-
globin and fibrinogen (ρ = − 0.19, p = 0.014). There was no correlation with tumor size.

Patients with pre-operative fibrinogen levels ≥ 450 mg/dL (n = 33) had a lower survival rate than patients with 
fibrinogen levels < 450 mg/dL (n = 125) (Log Rank p < 0.001) (survival rates of 78.5% vs. 24.0%). Kaplan–Meier 
survival analysis is shown in Fig. 1. The overall survival rate was 77.9%.

Discussion
In the present study, we identified a significant association between plasma fibrinogen and overall survival.

Fibrinogen is a key protein in the coagulation pathway and represents one of the major acute phase  proteins31. 
Moreover, plasma fibrinogen has been reported to be synthesized and overexpressed in human neoplasia  cells32. 
Fibrinogen itself induces the synthesis of pro-inflammatory cytokines and modulates immune  activity31,33. Cancer 
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Number (n) %

Sex

 Male 90 57

 Female 68 43

Tumor site

 Extremities 137 86.7

 Trunk 12 7.6

 Other 9 5.7

Depth

 Epifascial 19 12.0

 Subfascial 132 83.5

 Not known 7 4.4

Histology

 Highly differentiated 44 27.8

 Myxoid 77 48.7

 Dedifferentiated 11 7.0

 Pleomorph 13 8.2

 NOS 13 8.2

Grading

 G1 55 34.8

 G2 60 38.0

 G3 43 27.2

Resection margins

 Wide 61 38.6

 Focal marginal 43 27.2

 Marginal 27 17.1

 Focal intralesional 15 9.5

 Intralesional 5 3.2

 Not known 7 4.4

Local recurrence 14 8.9

Metastasis 18 11. 4

Tumor stage (AJCC)

 Stage IA 2 2.5

 Stage IB 24 1.3

 Stage II 6 15.2

 Stage IIIA 31 19.6

 Stage IIIB 89 56.3

 Stage IV 2 1.3

 Not known 4 2.5

Tumor size

 ≤ 2 cm 1 0.6

 > 2 ≤  5 cm 5 3.1

 > 5 cm 134 84.8

 Not known 18 11.4

Adjuvant therapy

 None 44 27.8

 Chemotherapy only 2 1.3

 Radiation only 80 50.6

 Both 26 16.5

 Neoadjuvant radiation 11 6.69

 Not known 6 3.8

Age at baseline (years) Mean Range

66.4 7–99

Laboratory parameters Median Range

Fibrinogen (mg/dL) 353.0 132.0–956.0

C-reactive protein (mg/dL) 1.16 0.03–21.0

Haemoglobin (g/dL) 10.1 3.0–21.2

Continued
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cells may interact directly and indirectly with host inflammatory  cells33. In recent studies, the concept of the 
involvement of systemic inflammation in cancer progression and metastasis has been postulated. Specifically, 
elevated preoperative CRP as marker of systemic inflammatory response have been found to be associated with 
decreased overall  survival12,16,34–40.

Previous reports showed that elevated fibrinogen levels were associated with adverse outcome for the fol-
lowing reasons: Fibrinogen may enhance tumor progression and the development of tumor spread through the 
following mechanism: tumor cells prefer to adhere to fibrinogen and secondly fibrinogen enhances the adhesion 
of tumor cells to platelets which may protect tumor cells from immune  answer41–43.

Plasma fibrinogen was described as useful prognostic biomarker for other malignancies (Ovarian  Cancer44, 
Gastric  cancer45 Renal cell  Carcinoma21, Hepatocellular  Carcinoma46, solid  tumors27 and also for Soft tissue 
Sarcoma in  general17 but not for Liposarcoma per se. Our findings are in line with the studies mentioned before 
and are clinically plausible.

While we are aware of the limitations of the present study (retrospective design, sample size prevalent cases), 
the strength of our report is that we report about a single center population of liposarcoma patients, although 
histological subtypes of liposarcoma have to be distinguished.

Furthermore, a possible effect of preoperative radiotherapy on fibrinogen levels needs to be addressed. In 
fact, there is some data on the increase of fibrinogen synthesis after irradiation therapy. Maximum increase is 
reached about 4–6 days after  irradiation47.

Since the half-life of fibrinogen is about 3–5 days, the minimum interval between irradiation and blood 
sampling was at least 22 days and only a few patients have received neoadjuvant irradiation, our results may be 
assumed to be  valid48.

Furthermore, there is a minimum interval of 5 weeks between last irradiation and performed surgery.
Previous studies reported that there is no significant difference in outcome when re-resection is performed 

within 12 weeks after initial  surgery49. The inclusion of the prevalent cases in the present study may not reflect a 
survivorship bias because we set the cut off of the prevalent cases of 12 weeks and excluded all patients that had 
a longer duration between initial surgery and re-resection.

Conclusion
Fibrinogen is easy to assess and is an established laboratory parameter used in daily clinical routine. A benefit of 
this biomarker could be to create an individual risk profile and predict the clinical outcome and in consequence 
have an influence on the extent of treatment and posttreatment morbidity.

Table 1.  Baseline characteristics of the study population.

Number (n) %

Alkalic phosphatase (U/L) 72.5 32.0–238.0

NLR 7.4 0.1–27.8

Figure 1.  Kaplan–Meier survival analysis in patients with liposarcoma distributed by preoperative fibrinogen 
levels.
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Data availability
The data was anonymized and stored according to the guidelines of the Medical University of Vienna. The 
datasets analysed during the current study are available from the corresponding author on reasonable request.

Received: 1 October 2022; Accepted: 14 March 2023

References
 1. Fairchild, A., Debenham, B., Danielson, B., Huang, F. & Ghosh, S. Comparative multidisciplinary prediction of survival in patients 

with advanced cancer. Support. Care Cancer 22, 611–617 (2014).
 2. Cheon, S. et al. The accuracy of clinicians’ predictions of survival in advanced cancer: A review. Ann. Palliat. Med. 5, 22–29. https:// 

doi. org/ 10. 3978/j. issn. 2224- 5820. 2015. 08. 04 (2016).
 3. Mahar, A. L. et al. Personalizing prognosis in colorectal cancer: A systematic review of the quality and nature of clinical prognostic 

tools for survival outcomes. J. Surg. Oncol. 116, 969–982. https:// doi. org/ 10. 1002/ jso. 24774 (2017).
 4. Thomas, A., Lee, J., Thway, K., Huang, P. H. & Jones, R. L. Clinical and molecular spectrum of liposarcoma. J. Clin. Oncol. https:// 

doi. org/ 10. 1200/ JCO. 2017 (2017).
 5. Bock, S., Hoffmann, D. G., Jiang, Y., Chen, H. & Ilyasova, D. Increasing incidence of liposarcoma: A population-based study of 

national surveillance databases, 2001–2016. Int. J. Environ. Res. Public Health 17, 25 (2020).
 6. Vos, M. et al. Differences in recurrence and survival of extremity liposarcoma subtypes. Eur. J. Surg. Oncol. 44, 1391–1397 (2018).
 7. Rutkowski, P., Trepka, S., Ptaszynski, K. & Kołodziejczyk, M. Surgery quality and tumor status impact on survival and local control 

of resectable liposarcomas of extremities or the trunk wall. Clin. Orthop. Relat. Res. 471, 870 (2013).
 8. WHO, C. of T. E. B., O. Soft Tissue and Bone Tumours (World Health Organization, 2020).
 9. Haniball, J. et al. Prognostic factors and metastatic patterns in primary myxoid/round-cell liposarcoma. Sarcoma 2011, 10 (2011).
 10. Socha, M. W. et al. C-reactive protein as a diagnostic and prognostic factor of endometrial cancer. Crit. Rev. Oncol. Hematol. 164, 

103419 (2021).
 11. Savioli, F. et al. P167. The prognostic role of preoperative circulating markers of the systemic inflammatory response in primary 

operable breast cancer: A systematic review and meta-analysis. Eur. J. Surg. Oncol. 47, 341 (2021).
 12. Szkandera, J. et al. Validation of the prognostic relevance of plasma C-reactive protein levels in soft-tissue sarcoma patients. Br. J. 

Cancer 109, 2322 (2013).
 13. Rich, N. E. et al. High neutrophil–lymphocyte ratio and delta neutrophil–lymphocyte ratio are associated with increased mortality 

in patients with hepatocellular cancer. Dig. Dis. Sci. https:// doi. org/ 10. 1007/ s10620- 021- 07001-6 (2021).
 14. Zhang, X. et al. Prognostic role of neutrophil-lymphocyte ratio in esophageal cancer: A systematic review and meta-analysis. 

Medicine (Baltimore) 97, e13585 (2018).
 15. Wang, H. et al. Prognostic value of neutrophil–lymphocyte ratio, platelet–lymphocyte ratio, and combined neutrophil–lymphocyte 

ratio and platelet–lymphocyte ratio in stage iv advanced gastric cancer. Front. Oncol. 10, 841 (2020).
 16. Nakamura, T. et al. The combined use of the neutrophil–lymphocyte ratio and C-reactive protein level as prognostic predictors in 

adult patients with soft tissue sarcoma. J. Surg. Oncol. 108, 485 (2013).
 17. Szkandera, J. et al. The elevated pre-operative plasma fibrinogen level is an independent negative prognostic factor for cancer-

specific, disease-free and overall survival in soft-tissue sarcoma patients. J. Surg. Oncol. 109, 139–144 (2014).
 18. Li, L. Q. et al. Meta-analysis of hematological biomarkers as reliable indicators of soft tissue sarcoma prognosis. Front. Oncol. 

https:// doi. org/ 10. 3389/ fonc. 2020. 00030 (2020).
 19. Panotopoulos, J. et al. Elevated serum creatinine and low albumin are associated with poor outcomes in patients with liposarcoma. 

J. Orthop. Res. 34, 533–538 (2016).
 20. Willegger, M. et al. Serum creatinine and albumin predict sarcoma-specific survival in patients with myofibroblastic and fibroblastic 

sarcomas. J. Orthop. Res. 35, 2815–2824 (2017).
 21. Pichler, M. et al. High plasma fibrinogen level represents an independent negative prognostic factor regarding cancer-specific, 

metastasis-free, as well as overall survival in a European cohort of non-metastatic renal cell carcinoma patients. Br. J. Cancer 109, 
1129 (2013).

 22. Palumbo, J. S. & Degen, J. L. Fibrinogen and tumor cell metastasis. Haemostasis 31, 15 (2001).
 23. Bekos, C. et al. Prognostic role of plasma fibrinogen in patients with uterine leiomyosarcoma—a multicenter study. Sci. Rep. 7, 7 

(2017).
 24. Ay, C. et al. High D-dimer levels are associated with poor prognosis in cancer patients. Haematologica 97, 1158–1164 (2012).
 25. Rausch, M. D. S. et al. Impaired estimated glomerular filtration rate is a significant predictor for non-muscle-invasive bladder 

cancer recurrence and progression—Introducing a novel prognostic model for bladder cancer recurrence. Urol. Oncol. 32, 1183 
(2014).

 26. Lu, J. et al. Gastrointestinal stromal tumors: Fibrinogen levels are associated with prognosis of patients as blood-based biomarker. 
Medicine (Baltimore) 97, e0568 (2018).

 27. Perisanidis, C. et al. Prognostic role of pretreatment plasma fibrinogen in patients with solid tumors: A systematic review and 
meta-analysis. Cancer Treat. Rev. 41, 960–970. https:// doi. org/ 10. 1016/j. ctrv. 2015. 10. 002 (2015).

 28. Enneking, W. F., Spanier, S. S. & Goodman, M. A system for the surgical staging of musculoskeletal sarcoma. Clin. Orthop. Relat. 
Res. 153, 120 (1980).

 29. Amin, M. B., Edge, S. & Greene, F. AJCC Cancer Staging Manual (Springer, 2017).
 30. Petersen, I. & Wardelmann, E. Grading von Weichgewebe- und Knochensarkomen. Pathologe 37, 320–327 (2016).
 31. Polterauer, S. et al. Plasma fibrinogen levels and prognosis in patients with ovarian cancer: A multicenter study. Oncologist 14, 

979–985 (2009).
 32. Sahni, A., Simpson-Haidaris, P. J., Sahni, S. K., Vaday, G. G. & Francis, C. W. Fibrinogen synthesized by cancer cells augments the 

proliferative effect of fibroblast growth factor-2 (FGF-2). J. Thromb. Haemost. 6, 183 (2008).
 33. Mantovani, A. The inflammation—cancer connection. FEBS J. 285, 640 (2018).
 34. Woo, H. D., Kim, K. & Kim, J. Association between preoperative C-reactive protein level and colorectal cancer survival: A meta-

analysis. Cancer Causes Control 26, 1670 (2015).
 35. Huang, W. et al. Preoperative serum C-reactive protein levels and postoperative survival in patients with esophageal squamous 

cell carcinoma: A propensity score matching analysis. J. Cardiothorac. Surg. 14, 167 (2019).
 36. Nakamura, T. et al. Clinical significance of pretreatment serum C-reactive protein level in soft tissue sarcoma. Cancer 118, 1061 

(2012).
 37. Funovics, P. T. et al. Pre-operative serum C-reactive protein as independent prognostic factor for survival but not infection in 

patients with high-grade osteosarcoma. Int. Orthop. 35, 1536 (2011).
 38. Szkandera, J. et al. Elevated preoperative neutrophil/lymphocyte ratio is associated with poor prognosis in soft-tissue sarcoma 

patients. Br. J. Cancer 108, 1683 (2013).

https://doi.org/10.3978/j.issn.2224-5820.2015.08.04
https://doi.org/10.3978/j.issn.2224-5820.2015.08.04
https://doi.org/10.1002/jso.24774
https://doi.org/10.1200/JCO.2017
https://doi.org/10.1200/JCO.2017
https://doi.org/10.1007/s10620-021-07001-6
https://doi.org/10.3389/fonc.2020.00030
https://doi.org/10.1016/j.ctrv.2015.10.002


6

Vol:.(1234567890)

Scientific Reports |         (2023) 13:8608  | https://doi.org/10.1038/s41598-023-31527-6

www.nature.com/scientificreports/

 39. Janik, S. et al. Elevated CRP levels predict poor outcome and tumor recurrence in patients with thymic epithelial tumors: A pro- 
and retrospective analysis. Oncotarget 8, 47102 (2017).

 40. Panotopoulos, J. et al. Hemoglobin, alkalic phosphatase, and C-reactive protein predict the outcome in patients with liposarcoma. 
J. Orthop. Res. 33, 765–770 (2015).

 41. Zheng, S. et al. Platelets and fibrinogen facilitate each other in protecting tumor cells from natural killer cytotoxicity. Cancer Sci. 
100, 865 (2009).

 42. Steinbrecher, K. A. et al. Colitis-associated cancer is dependent on the interplay between the hemostatic and inflammatory systems 
and supported by integrin αMβ2 engagement of fibrinogen. Cancer Res. (Chicago, Ill.) 70, 2643 (2010).

 43. Roche, Y., Pasquier, D., Rambeaud, J.-J., Seigneurin, D. & Duperray, A. Fibrinogen mediates bladder cancer cell migration in an 
ICAM-1-dependent pathway. Thromb. Haemost. 89, 1097 (2003).

 44. Luo, Y., Kim, H. S., Kim, M., Lee, M. & Song, Y. S. Elevated plasma fibrinogen levels and prognosis of epithelial ovarian cancer: A 
cohort study and meta-analysis. J. Gynecol. Oncol. https:// doi. org/ 10. 3802/ jgo. 2017. 28. e36 (2017).

 45. Zhao, L. Y. et al. Is preoperative fibrinogen associated with the survival prognosis of gastric cancer patients? A multi-centered, 
propensity score-matched retrospective study. World J. Surg. 44, 213–222 (2020).

 46. Zhang, X. & Long, Q. Elevated serum plasma fibrinogen is associated with advanced tumor stage and poor survival in hepatocel-
lular carcinoma patients. Medicine (United States) 96, 25 (2017).

 47. Staib, W. & Scholz, R. Stoffwechsel_der_isoliert_perfundierten (Springer, 2013).
 48. Fries, D., Bachler, M. & Hermann, M. Fibrinogen (FI). In Transfusionsassoziierte Pharmakotherapie (ed. Sad, D.) 171–184 (Springer, 

2016). https:// doi. org/ 10. 1007/ 978-3- 662- 47258-3_4.
 49. Funovics, P. T., Vaselic, S., Panotopoulos, J., Kotz, R. I. & Dominkus, M. The impact of re-excision of inadequately resected soft 

tissue sarcomas on surgical therapy, results, and prognosis: A single institution experience with 682 patients. J. Surg. Oncol. 102, 
633 (2010).

Author contributions
L.S.P., G.M.H. and J.P. designed the study and interpreted the data. L.S.P. and M.W. acquired the data. L.S.P. 
and J.P. performed statistical analysis. L.S.P., G.M.H. and J.P. drafted the manuscript. P.T.F., M.W., M.P.S., G.A., 
W.L., T.B., C.A. and R.W. revised critically the paper. All authors have read and approved the submitted and 
final version of the paper.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to G.M.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.3802/jgo.2017.28.e36
https://doi.org/10.1007/978-3-662-47258-3_4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High fibrinogen levels are associated with poor survival in patients with liposarcoma
	Patients and methods
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References


