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Abstract 

High levels of acute phase reactants can be associated with adverse outcome in patients with 

various solid tumor types. For patients with acute myeloid leukemia (AML), this correlation is 

unknown. We retrospectively investigated the prognostic value of pretreatment acute phase 

protein levels in 282 consecutive newly diagnosed AML patients undergoing at least one cycle 

of intensive induction chemotherapy. We applied a new score integrating pre-treatment C-

reactive protein (CRP), fibrinogen, and albumin levels termed the CFA ratio, and we stratified 

patients into two groups: Patients with a CFA ratio below 3.06 had decisively better 

progression free (26.2 vs. 7.7 months; P<.001), disease free (56.4 vs. 8.7 months; P<.001) 

and overall survival (61.2 vs. 13.8 months; P<.001). Results remained significant when 

adjusting for confounders including ELN risk group. Early mortality also tended to be lower in 

the low CFA ratio group. Finally, patients with lower modified Glasgow prognostic score 

(mGPS) similarly had better outcome. In conclusion, our data suggest that an elevated CFA 

ratio as well as a high mGPS are associated with adverse outcome in patients with newly 

diagnosed AML undergoing intensive induction. These parameters should undergo 

prospective evaluation for their contribution to risk profiling in AML patients.  
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Introduction 

The complex interplay between inflammation and cancer development was suggested already 

in the 19th century1, and it may best be exemplified by the increased risk for colorectal cancer 

in patients with chronic bowel disease including Crohn’s disease or ulcerative colitis.2 

Therefore, the role of acute phase proteins has not only been investigated during inflammatory 

disorders, but similarly in malignancies. Among acute phase reactants, C-reactive protein 

(CRP) and fibrinogen are produced by hepatocytes upon tissue damage or infection through 

interleukin (particularly IL-6 and IL-1) and TNF-alpha signaling pathways.3,4 During 

inflammatory processes, such mediators are elevated, whereas levels of “negative” acute 

phase reactants such as serum albumin and transferrin decrease due to lowered synthesis or 

increased degradation.5 Upon secretion, CRP circulates in the plasma where it recognizes 

and eliminates pathogens by binding to cells and subsequently activating the complement 

system6. Fibrinogen exerts a key role within the coagulation cascade by mediating platelet 

aggregation and providing the substrate for clot formation upon conversion to fibrin by 

thrombin.7 Serum albumin is the most abundant blood protein and essential for maintaining 

oncotic homeostasis, as well as serving as a carrier protein for small hydrophobic molecules 

including steroids, hormones, therapeutic compounds, and toxins.8,9 Tumor growth can lead 

to inflammation, which, in turn, can trigger the synthesis of acute phase proteins.10 CRP is 

elevated in chronic inflammatory conditions, it can promote tumor growth and may reflect 

various types of immune responses following presentation of tumor antigens.11 Inflammatory 

proteins can also be produced by cancer cells themselves as there is evidence of expression 

of CRP, IL-6 and IL-8 in various cancer cell types and cell lines.12–14 

The CRP/albumin ratio has been investigated in various solid tumors including hepatocellular 

carcinoma,15 non-small cell lung cancer,16 ovarian17 and pancreatic adenocarcinomas.18 In 

these studies, high levels of acute phase proteins as expressed by an elevated ratio (high 

CRP and/or low albumin) were consistently associated with adverse outcome.  By allocating 

points for different levels of CRP and albumin, the Glasgow prognostic score (GPS) and 
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modified GPS (mGPS) can be used to describe the acute phase protein status of a given 

patient. It has been shown to have prognostic significance in a variety of solid tumors19 as well 

as hematologic malignancies including peripheral T-cell lymphoma,20 DLBCL21 or advanced 

Hodgkin’s lymphoma. Moreover, the score has been shown to predict treatment tolerance in 

patients with head and neck cancer.22 .  

In acute myeloid leukemia (AML) and other hematologic malignancies, pro- and anti-

inflammatory cytokines were suggested to be relevant for the pathogenesis and progression 

of these diseases. Population-based studies indicated that patients with a history of infectious 

or autoimmune disease had an increased risk of developing AML.23,24 Dysregulation of 

cytokine expression, as a hallmark of chronic inflammation and autoimmunity, is promoting 

the development of hematologic malignancies.25 Elevated pretreatment CRP levels were 

associated with adverse outcome in patients with DLBCL in a meta-analysis.26 We recently 

reported that elevated fibrinogen levels were associated with adverse survival in newly 

diagnosed AML patients.27 Moreover, increased serum ferritin levels were predictive of 

adverse overall and relapse-free survival in young intermediate-risk AML patients28 and, also, 

in a cohort of AML patients when adjusting for CRP levels.29 Elevated pretreatment CRP and 

ferritin levels were positively associated with the incidence of systemic inflammation during 

anti-leukemic induction chemotherapy.30 Albumin was reported to be an independent 

prognostic factor and a superior parameter compared to the body mass index to evaluate the 

nutritional status in newly diagnosed AML patients.31 To the best of our knowledge, however, 

no study has investigated so far how CRP or albumin levels at diagnosis may affect survival 

in AML patients, and the Glasgow prognostic score has not been verified for AML patients. In 

this study, we aimed to investigate whether levels of acute phase reactants at diagnosis 

correlate with survival or response to intensive induction chemotherapy in newly diagnosed 

AML patients. Ultimately, we evaluated the CFA ratio, a novel simple score based on acute 

phase protein levels, whether it can provide relevant prognostic information in AML patients 

at diagnosis.  
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Methods 

Patients: This retrospective single-center analysis included data of consecutive patients with 

a first diagnosis of AML between 2000 and 2018 at the University Hospital of Bern, 

Switzerland. De novo and secondary AML were included. We limited our analysis to AML 

patients between 18 and 65 years at the time of diagnosis and they had to undergo at least 

one cycle of intensive chemotherapy with curative intent. Data were collected for gender, age, 

hemoglobin, white blood cell and neutrophil counts, platelets, bone marrow infiltration and 

peripheral blasts, C-reactive protein, albumin, fibrinogen, as well as for molecular and 

cytogenetic abnormalities and for blood and bone marrow assessments following treatment 

and during follow-up.  

Treatment: Patients were treated within or according to the following protocols of the HOVON 

(Dutch-Belgian hemato-oncology group) and SAKK (Swiss group for clinical cancer research) 

AML groups: SAKK/ HOVON-42, -81, -92, -102, and -132; or of the APL (French-Belgian-

Swiss APL) group: APL-2000 and APL-2006. Induction treatment for AML patients consisted 

of one or two cycles of cytarabine and an anthracycline (either idarubicin or daunorubicin). 

Consolidation therapy consisted of either additional cycles of chemotherapy or high-dose 

chemotherapy followed by autologous or allogeneic hematopoietic stem cell transplantation in 

favorable or intermediate-risk patients, or in allogeneic transplantation for adverse-risk 

patients. Patients had to have an Eastern cooperative oncology group performance status of 

0-2 and were not previously treated for AML with the exception of hydroxyurea for initial 

cytoreduction.  

Definitions: Response was assessed according to international working group criteria.32 

Morphologic complete remission (CR) was defined as bone marrow blasts of <5% with 

complete hematologic recovery (neutrophils (ANC) ≥1.0G/L, platelets ≥100 G/L, and no 

transfusion dependence). Complete remission with incomplete hematologic recovery (iCR) 

was defined as bone marrow blasts of <5% with neutrophils <1.0 G/L and/or platelets <100 

G/L. Progression free survival was defined as the time from diagnosis to progression or death 
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from any cause or last follow-up whichever occurred first. Overall survival was the time 

between diagnosis and death from any cause or until last follow-up. Disease free survival was 

the time between CR and relapse or death from any cause or last follow-up. Subjects lost to 

follow-up were censored at the time last known to be alive. Genetic risk profiling was applied 

according to the European Leukemia Network (ELN) update from 2017.33  

Development of a novel acute phase protein score: Reference levels for the serum acute 

phase proteins were as follows: CRP: <5 mg/L; fibrinogen: 1.8 - 4.0 g/L; and albumin: 35 - 52 

g/L. The CRP*fibrinogen/albumin (CFA) ratio was calculated as follows:  

CRP (mg L⁄ ) ∗ Fibrinogen (g L)⁄

Albumin (g L⁄ )
 

When considered as a numeric value, this index showed positive skew. Therefore, natural 

logarithms were applied in subsequent analyses, which allowed for a more symmetric 

distribution. The cutoff was determined using the minimum P value approach with multiple log-

rank tests. To correct for increasing type I errors, the method proposed by Miller and Siegmund 

was used.34  

Calculation of GPS and mGPS: To calculate the GPS, one point was given for CRP >10 

mg/L and/or albumin <35 g/L. For mGPS, one point for hypoalbuminemia was only awarded 

in the presence of elevated CRP levels (>10 mg/L), as previously described.19  

Statistical analyses: Survival curves and analyses were calculated using the Kaplan-Meier 

and log-rank method, respectively. Hazard ratios to evaluate the impact of baseline 

characteristics to clinical outcome were calculated using the log-rank method. To adjust for 

factors associated with outcome, we performed a multivariate stratified cox model with the co-

variables Log(CRP*fibrinogen/albumin), Log(Lc) and bone marrow blasts (all as numeric 

values) for each ELN risk group (favorable, intermediate and adverse).33 Reported P values 

for baseline characteristics were from two-tailed Mann-Whitney or unpaired t-tests, and a 

value of P<.05 was considered significant. Analyses were conducted in GraphPad Prism 

version 7.0 (Graphpad Software, Inc., La Jolla, CA, USA) and R version 3.4.4 (R Foundation, 

Vienna, Austria).   
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Results 

Patients: We identified 282 consecutive patients with newly diagnosed AML aged ≤65 years 

receiving at least one cycle of induction chemotherapy with complete data sets available for 

CRP, fibrinogen and albumin serum levels. All patients were at first diagnosis of AML before 

initiation of intensive induction treatment. We summarized the clinical characteristics of all 

patients in Table 1. Distribution of acute phase protein levels is shown in Supplemental 

Figure 1.  

Comparison of disease characteristics in patients with high versus low CFA ratio: 

According to the method by Miller and Siegmund,34 the optimal cutoff for the CFA ratio for 

stratification was determined at 3.06 for the survival rates, and patients were dichotomized 

into two cohorts accordingly (high CFA versus low CFA ratio). Hemoglobin and platelet level, 

age, gender, and FAB classification did not differ between both groups. ELN risk groups and 

individual cyto- and molecular genetic characteristics were similar with the exception of FLT3-

ITD/NPM1 wild-type, which was more common within the higher CFA ratio group (10.7 vs. 

1.2%, P<.001). The proportions of patients undergoing autologous or allogeneic stem cell 

transplantations were similar in the low and high CFA ratio cohorts (autologous SCT 38.2 vs. 

33.6%, P=.455; allogeneic SCT 28.8 vs. 22.1%, P=.220). Differences were observed for 

peripheral leukocytes and blast counts at diagnosis, which both were higher in the high CFA 

ratio cohort (median leukocytes 46.9 vs. 25.2G/L, P=.009; median peripheral blasts 51.0 vs. 

38.7%, P=.001; and median marrow blasts 71.4 vs. 62.3%, P=.003). We observed no 

differences in DIC rates in APL patients as defined by an ISTH DIC score of ≥5 between the 

high and low CFA ratio groups (83.3 vs. 78.6%, P>.999). 

Clinical relevance of the novel CFA ratio: Survival data comparing high CFA versus low 

CFA ratio groups were summarized in Figure 1 and Table 2. We observed that the median 

progression free survival in the low CFA ratio group was higher than in the high CFA ratio 

group (26.2 vs. 7.7 months; P<.001). Similarly, median disease-free (56.4 vs. 8.7 months; 

P<.001) and overall survival (61.2 vs. 13.8 months; P<.001) were longer in the low CFA ratio 
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group. Response to induction treatment was better in the low ratio group with CR rates of 89% 

vs. 76%, respectively (P=.006). When adjusting for potential confounders in a multivariate 

analysis including CFA ratio, peripheral leukocytes, and bone marrow blasts, results for 

progression free and overall survival remained significant (Adjusted HR 1.14 (1.05-1.25, 

P=.003); and 1.19 (1.08-1.31, P<.001; Table 3). Early mortality tended to be higher in the high 

CFA ratio group (9 vs. 6% after 1 month, P=.350; 20 vs. 11% after 3 months; P=.063), with 

this difference being significant 6 months after initiation of therapy (34 vs. 20%, P=.013). 

Clinical impact of the (modified) Glasgow prognostic score and mGPS: Next, we 

investigated the prognostic relevance of the GPS and mGPS in AML patients. Results were 

summarized in Supplemental Table 1. Stratification of patients according to GPS indicated 

the best median PFS of 26.2 months for patients with GPS score 0, of 12.6 months for GPS 

score 1, and 9.0 months for GPS score 2 (P=.154). Similarly, the median DFS was 56.4 

months (score 0), 16.8 months (score 1), and 13.2 months (score 2; P=.477). The median OS 

were 61.2 months, 24.0 months and 15.7 months, respectively (P=.082).  

When patients were stratified according to mGPS, we observed a median PFS of 26.8 months 

(mGPS 0), 11.9 months (mGPS 1), and 9.0 months (mGPS 2, P=.051). The median DFS were 

30.8 months, 14.2 months, and 13.2 months (P=.2512), and the median OS were 61.2 months, 

21.2 months, and 15.7 months (P=.026). The difference was evident between mGPS score 0 

and 1 patients, whereas survival curves between mGPS 1 and 2 appeared similar. Finally, 

when comparing patients with mGPS 0 to patients with combined mGPS 1 and 2, survival 

differences were significant (Supplemental Figure 2). 
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Discussion 

In this retrospective, single-center analysis we aimed to investigate the prognostic significance 

of pretreatment acute phase protein levels on outcome in newly diagnosed AML patients 

undergoing intensive induction chemotherapy. We recently reported that elevated levels of 

fibrinogen are associated with adverse outcome in newly diagnosed AML patients.27 Elevated 

levels of acute phase proteins as well as CRP/albumin ratio were linked to adverse outcome 

in various solid tumors as well as hematologic malignancies. To the best of our knowledge, 

this association so far has not been investigated in AML patients.  

An elevated GPS has been shown to be associated with weight loss,35–38 poor performance 

status35 and reduced dietary intake38 in patients with solid tumors. Moreover, the GPS has 

been shown to predict increased toxicity in patients undergoing chemotherapy.39,40 In this 

study, we developed a novel score termed CFA ratio, which includes pretreatment CRP, 

fibrinogen, and albumin levels. When applying this novel score to a large cohort of AML 

patients undergoing intensive induction treatment, we observed that patients with higher CFA 

ratios had shorter progression-free, disease-free and overall survival as compared to patients 

with lower CFA ratios. In particular, a CFA ratio >3.06 was associated with adverse survival. 

Analyses for PFS and OS remained significant when adjusting for potential confounders in a 

multivariate analysis. Finally, patients with a higher CFA ratio also had lower CR rates. While 

early mortality tended to be higher in the high CFA ratio group, this was only significant after 

6 months. A recent analysis showed a decrease in early mortality during induction therapy in 

AML patients from 2006 to 2016.41 As our analysis includes patients treated between 2000 

and 2018, comparison of early mortality may be biased by time period.   

In a previous analysis, we found that AML patients with high versus low fibrinogen levels did 

not differ in the incidence of thromboembolic events or the frequency of bleeding.23 Therefore, 

the integration of fibrinogen into the CFA ratio highlighted its relevance as an acute phase 

protein and to be independent in this large cohort from bleeding and coagulopathy as 

demonstrated by similar DIC rates between the two groups. In addition, we could demonstrate 
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that the original and the modified Glasgow prognostic score (GPS and mGPS), which have 

been verified in many solid tumor types, also has prognostic significance in AML patients. We 

found that AML patients with lower scores of the GPS and the mGPS had better survival rates. 

In particular, an mGPS score of 0 was associated with superior progression free, disease free 

and overall survival compared to scores ≥1. We did not directly compare the Glasgow 

prognostic score to our novel CFA ratio, however, the inclusion of Fibrinogen to the 

CRP/Albumin ratio led to enhanced statistical significance. Therefore, the CFA ratio can be 

considered as an easily applicable clinical score. 

Inflammatory processes have been reported to play an important role in the proliferation of 

myeloid blasts.42,43 Since cytokines influence signal transduction in hematopoietic cells, 

abnormal cytokine release through activity of inflammatory cells or leukemic precursor cells 

was reported to suppress apoptosis and differentiation of precursor cells leading to increased 

proliferation.44 Anti-inflammatory cytokines such as TGF-ß inhibit proliferation of leukemic cells 

and control the expression of pro-inflammatory cytokines such as IL-1 or IL-6. Thus, 

downregulation of anti-inflammatory cytokines may lead to a predominance of pro-

inflammatory and therefore pro-leukemic cytokines.25 It can be postulated that an elevated 

CFA ratio or mGPS represents the underlying cytokine dysregulation. While it has been shown 

that levels of all IL-1, IL-6 and CRP are higher in cancer patients than in healthy controls, 

correlation of cytokines and acute phase protein levels is weak at best.45,46 Therefore, it 

remains unclear whether adverse prognosis in AML patients with high CFA ratio is due to poor 

performance status and impaired tolerance of therapy or whether a higher ratio can be 

considered as hallmark of a more aggressive disease by a yet unknown mechanism.  

Assessment of prognosis of AML patients mostly relies on pretreatment molecular and 

cytogenetic methods. While a number of driver mutations with known prognostic significance 

has been previously identified, novel mutations with yet unknown relation to disease 

progression or prognosis are currently discovered by next-generation sequencing (NGS) 

technique.47 Novel approaches focus on post-treatment assessment of leukemic stem cell 

frequency by flow cytometry in combination with traditional flow minimal residual disease 



 
©2019 American Geophysical Union. All rights reserved. 

(MRD) strategies, but this approach is so far only available in few laboratories.48 Parameters 

such as fibrinogen, CRP and albumin on the other hand are routinely assessed and laboratory 

tests yield results within minutes. Therefore, scores based on acute phase proteins, such as 

the CFA ratio proposed in this work or the (m)GPS may provide an additional, rapidly available 

initial assessment of prognosis and risk upon diagnosis and may thereby contribute to patient 

information. During induction and consolidation treatment, the CFA score can offer a more 

differentiated mean of risk profiling and may lead to adaptation of surveillance strategies.  

As our analysis is limited by its single-center, retrospective character, the CFA ratio may be 

independently validated by prospective multicenter approaches with validation cohorts. Due 

to missing data, a reliable statement about the performance status of patients in our analysis 

is not possible, however, all included patients were deemed fit for intensive treatment. Thus, 

collaborative leukemia study groups may investigate whether an increased CFA ratio and 

imbalances in acute phase reactants reflect an adverse performance status or whether they 

are a yet unknown surrogate marker for a more aggressive course of AML. As AML is a 

disease of the elderly and patients often present in a bad performance status unfit for intensive 

treatment, the CFA score could also be validated in a non-intensively treated cohort.  

  



 
©2019 American Geophysical Union. All rights reserved. 

ACKNOWLEDGEMENTS: The authors wish to thank all staff members involved in the care 

of the patients reported in this study. 

 

AUTHOR CONTRIBUTIONS: Study design: TP, AH. Contribution of vital material: UN, UB, 

TP. Data analysis: TP, AH, RH, MB. Writing of manuscript: AH, TP, UB. Critical review of 

manuscript draft and final approval of the manuscript: all authors.  

 

CONFILCTS OF INTEREST: The authors declare no conflict of interest. 

  



 
©2019 American Geophysical Union. All rights reserved. 

References 

1.  Coussens LM, Werb Z. Coussens L M, Werb Z. Inflammation and cancer.[J]. 
Pharmaceutical Biotechnology, 2002, 420(6917)860. Nature. 2002;420(6917):860-

867. doi:10.1038/nature01322.Inflammation 

2.  Shacter E, Weitzman SA. Chronic inflammation and cancer. Oncology (Williston 
Park). 2002;16(2). 

3.  Baumann H, Gauldie J. Regulation of hepatic acute phase plasma protein genes by 
hepatocyte stimulating factors and other mediators of inflammation. Mol Biol Med. 

1990;7(2):147-159. 

4.  Gabay C, Kushner I. Acute-phase proteins and other systemic responses to 
inflammation. N Engl J Med. 1999;340(6):448-454. 

doi:10.1056/NEJM199902113400607 

5.  Pepys MB. Acute phase proteins (APPs). Dict Rheumatol. January 2009:4-4. 

doi:10.1007/978-3-211-79280-3_15 

6.  Bray C, Bell LN, Liang H, et al. Erythrocyte sedimentation rate and C-reactive protein 
measurements and their relevance in clinical medicine. Wis Med J. 2016;115(6):317-

321. 

7.  Cappelletti RM. Fibrinogen and fibrin: Structure and functional aspects. Thrombin 
Funct Pathophysiol. 2012:263-291. 

8.  M H, Azzazy E, Christenson RH. All About Albumin: Biochemistry, Genetics, and 
Medical Applications. Theodore Peters, Jr. San Diego, CA: Academic Press, 1996, 
432 pp, ISBN 0-12-552110-3. In: Clinical Chemistry. ; 1997. 

9.  Rimac H, Bojić M. Human serum albumin - The most important transport protein in the 
blood. Farm Glas. 2017;73(11):793-808. 

10.  Basso D, Fabris C, Meani A, et al. C reactive protein in pancreatic cancer and chronic 
pancreatitis. Ann Clin Res. 1988;20(6):414-416. 

11.  Balkwill F, Mantovani A. Inflammation and cancer: Back to Virchow? Lancet. 

2001;357(9255):539-545. doi:10.1016/S0140-6736(00)04046-0 

12.  Heikkilä K, Ebrahim S, Lawlor DA. A systematic review of the association between 
circulating concentrations of C reactive protein and cancer. J Epidemiol Community 
Health. 2007;61(9):824-832. doi:10.1136/jech.2006.051292 

13.  Wigmore SJ, Fearon KC, Sangster K, Maingay JP, Garden OJ, Ross JA. Cytokine 
regulation of constitutive production of interleukin-8 and -6 by human pancreatic 
cancer cell lines and serum cytokine concentrations in patients with pancreatic 
cancer. Int J Oncol. 2002;21(4):881-886. 

14.  Jabs WJ, Busse M, Krüger S, Jocham D, Steinhoff J, Doehn C. Expression of C-
reactive protein by renal cell carcinomas and unaffected surrounding renal tissue. In: 
Kidney International. Vol 68. ; 2005:2103-2110. doi:10.1111/j.1523-

1755.2005.00666.x 

15.  Kinoshita A, Onoda H, Imai N, et al. The C-Reactive Protein/Albumin Ratio, a Novel 
Inflammation-Based Prognostic Score, Predicts Outcomes in Patients with 
Hepatocellular Carcinoma. Ann Surg Oncol. 2015;22(3):803-810. 

doi:10.1245/s10434-014-4048-0 

16.  Koh YW, Lee HW. Prognostic impact of C-reactive protein/albumin ratio on the overall 
survival of patients with advanced nonsmall cell lung cancers receiving palliative 
chemotherapy. Med (United States). 2017;96(19). 

doi:10.1097/MD.0000000000006848 



 
©2019 American Geophysical Union. All rights reserved. 

17.  Liu Y, Chen S, Zheng C, et al. The prognostic value of the preoperative c-reactive 
protein/albumin ratio in ovarian cancer. BMC Cancer. 2017;17(1). 

doi:10.1186/s12885-017-3220-x 

18.  Wu M, Guo J, Guo L, Zuo Q. The C-reactive protein/albumin ratio predicts overall 
survival of patients with advanced pancreatic cancer. Tumor Biol. 2016;37(9):12525-

12533. doi:10.1007/s13277-016-5122-y 

19.  McMillan DC. The systemic inflammation-based Glasgow Prognostic Score: A decade 
of experience in patients with cancer. Cancer Treat Rev. 2013;39(5):534-540. 

doi:10.1016/j.ctrv.2012.08.003 

20.  Huh SJ, Oh SY, Lee S, et al. The Glasgow Prognostic Score is a significant predictor 
of peripheral T-cell lymphoma (PTCL) treated with CHOP-based chemotherapy and 
comparable with PTCL prognostic scores. Int J Hematol. 2019. doi:10.1007/s12185-

019-02693-z 

21.  Hao X, Wei Y, Wei X, et al. Glasgow prognostic score is superior to other 
inflammation-based scores in predicting survival of diffuse large B-cell lymphoma. 
Oncotarget. 2017;8(44):76740-76748. doi:10.18632/oncotarget.20832 

22.  Chang PH, Yeh KY, Wang CH, et al. Impact of the pretreatment Glasgow prognostic 
score on treatment tolerance, toxicities, and survival in patients with advanced head 
and neck cancer undergoing concurrent chemoradiotherapy. Head Neck. 

2017;39(10):1990-1996. doi:10.1002/hed.24853 

23.  Kristinsson SY, Björkholm M, Hultcrantz M, Derolf ÅR, Landgren O, Goldin LR. 
Chronic immune stimulation might act as a trigger for the development of acute 
myeloid leukemia or myelodysplastic syndromes. J Clin Oncol. 2011;29(21):2897-

2903. doi:10.1200/JCO.2011.34.8540 

24.  Ramadan SM, Fouad TM, Summa V, Hasan SKH, Lo-Coco F. Acute myeloid 
leukemia developing in patients with autoimmune diseases. Haematologica. 

2012;97(6):805-817. doi:10.3324/haematol.2011.056283 

25.  Binder S, Luciano M, Horejs-Hoeck J. The cytokine network in acute myeloid 
leukemia (AML): A focus on pro- and anti-inflammatory mediators. Cytokine Growth 
Factor Rev. 2018;43(August):8-15. doi:10.1016/j.cytogfr.2018.08.004 

26.  Qin W, Yuan Q, Wu J, Yu H, Wang Y, Chen Q. Prognostic value of pre-therapy C-
reactive protein level in diffuse large B-cell lymphoma: a meta-analysis. Leuk 
Lymphoma. 2019;60(2):358-366. doi:10.1080/10428194.2018.1482540 

27.  Berger MD, Heini AD, Seipel K, Mueller B, Angelillo-Scherrer A, Pabst T. Increased 
fibrinogen levels at diagnosis are associated with adverse outcome in patients with 
acute myeloid leukemia. Hematol Oncol. 2017;35(4):789-796. doi:10.1002/hon.2307 

28.  Lebon D, Vergez F, Bertoli S, et al. Hyperferritinemia at diagnosis predicts relapse 
and overall survival in younger AML patients with intermediate-risk cytogenetics. Leuk 
Res. 2015;39(8):818-821. doi:10.1016/j.leukres.2015.05.001 

29.  Ihlow J, Gross S, Sick A, et al. AML: high serum ferritin at initial diagnosis has a 
negative impact on long-term survival. Leukemia and Lymphoma. 2019:69-77. 

30.  Hong J, Woo HS, Ahn HK, et al. Pre-treatment blood inflammatory markers as 
predictors of systemic infection during induction chemotherapy: results of an 
exploratory study in patients with acute myeloid leukemia. Support Care Cancer. 

2016;24(1):187-194. doi:10.1007/s00520-015-2762-1 

31.  Filliatre-Clement L, Broseus J, Muller M, et al. Serum albumin or body mass index: 
Which prognostic factor for survival in patients with acute myeloblastic leukaemia? 
Hematol Oncol. 2019;37(1):80-84. doi:10.1002/hon.2543 



 
©2019 American Geophysical Union. All rights reserved. 

32.  Cheson BD, Bennett JM, Kopecky KJ, et al. Revised Recommendations of the 
International Working Group for diagnosis, standardization of response criteria, 
treatment outcomes, and reporting standards for therapeutic trials in acute myeloid 
leukemia. J Clin Oncol. 2003;21(24):4642-4649. doi:10.1200/JCO.2003.04.036 

33.  Döhner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 
2017 ELN recommendations from an international expert panel. Blood. 

2017;129(4):424-447. doi:10.1182/blood-2016-08-733196 

34.  Halpern J. Maximally Selected Chi Square Statistics for Small Samples. Biometrics. 

1982;38(4):1017. doi:10.2307/2529882 

35.  Brown DJF, Milroy R, Preston T, McMillan DC. The relationship between an 
inflammation-based prognostic score (Glasgow Prognostic Score) and changes in 
serum biochemical variables in patients with advanced lung and gastrointestinal 
cancer. J Clin Pathol. 2007;60(6):705-708. doi:10.1136/jcp.2005.033217 

36.  Krzystek-Korpacka M, Matusiewicz M, Diakowska D, et al. Acute-phase response 
proteins are related to cachexia and accelerated angiogenesis in gastroesophageal 
cancers. Clin Chem Lab Med. 2008;46(3):359-364. doi:10.1515/CCLM.2008.089 

37.  Kerem M, Ferahkose Z, Yilmaz UT, et al. Adipokines and ghrelin in gastric cancer 
cachexia. World J Gastroenterol. 2008;14(23):3633-3641. doi:10.3748/wjg.14.3633 

38.  Skipworth RJE, Deans DAC, Tan BHL, et al. Plasma MIC-1 correlates with systemic 
inflammation but is not an independent determinant of nutritional status or survival in 
oesophago-gastric cancer. Br J Cancer. 2010;102(4):665-672. 

doi:10.1038/sj.bjc.6605532 

39.  Sharma R, Zucknick M, London R, Kacevska M, Liddle C, Clarke SJ. Systemic 
inflammatory response predicts prognosis in patients with advanced-stage colorectal 
cancer. Clin Colorectal Cancer. 2008;7(5):331-337. doi:10.3816/CCC.2008.n.044 

40.  Gioulbasanis I, Pallis A, Vlachostergios PJ, et al. The Glasgow Prognostic Score 
(GPS) predicts toxicity and efficacy in platinum-based treated patients with metastatic 
lung cancer. Lung Cancer. 2012;77(2):383-388. doi:10.1016/j.lungcan.2012.04.008 

41.  Fassbind P, Jeker B, Mueller BU, et al. Improved survival rates of AML patients 
following admission to the intensive care unit. Leuk Lymphoma. 2019. 

doi:10.1080/10428194.2019.1594213 

42.  Carey A, Edwards DK, Eide CA, et al. Identification of Interleukin-1 by Functional 
Screening as a Key Mediator of Cellular Expansion and Disease Progression in Acute 
Myeloid Leukemia. Cell Rep. 2017;18(13):3204-3218. 

doi:10.1016/j.celrep.2017.03.018 

43.  Sanchez-Correa B, Bergua JM, Campos C, et al. Cytokine profiles in acute myeloid 
leukemia patients at diagnosis: Survival is inversely correlated with IL-6 and directly 
correlated with IL-10 levels. Cytokine. 2013;61(3):885-891. 

doi:10.1016/j.cyto.2012.12.023 

44.  Kornblau SM, McCue D, Singh N, Chen W, Estrov Z, Coombes KR. Recurrent 
expression signatures of cytokines and chemokines are present and are 
independently prognostic in acute myelogenous leukemia and myelodysplasia. Blood. 

2010;116(20):4251-4261. doi:10.1182/blood-2010-01-262071 

45.  Kim DK, Oh SY, Kwon HC, et al. Clinical significances of preoperative serum 
interleukin-6 and C-reactive protein level in operable gastric cancer. BMC Cancer. 

2009;9. doi:10.1186/1471-2407-9-155 

46.  Groblewska M, Mroczko B, Wereszczyńska-Siemia̧tkowska U, et al. Serum interleukin 
6 (IL-6) and C-reactive protein (CRP) levels in colorectal adenoma and cancer 



 
©2019 American Geophysical Union. All rights reserved. 

patients. Clin Chem Lab Med. 2008;46(10):1423-1428. doi:10.1515/CCLM.2008.278 

47.  Bacher U, Shumilov E, Flach J, et al. Challenges in the introduction of next-generation 
sequencing (NGS) for diagnostics of myeloid malignancies into clinical routine use. 
Blood Cancer J. 2018;8(11):113. doi:10.1038/s41408-018-0148-6 

48.  Zeijlemaker W, Grob T, Meijer R, et al. CD34 + CD38 − leukemic stem cell frequency 
to predict outcome in acute myeloid leukemia. Leukemia. 2019;33(5):1102-1112. 

doi:10.1038/s41375-018-0326-3 

 

  



 
©2019 American Geophysical Union. All rights reserved. 

Table 1: Patient and disease characteristics 

Parameter 
Low CFA ratio  

(n=160) 
High CFA ratio 

(n=122) 
P s 

Hemoglobin (g/L) 94.2 (±22.2) 91.8 (±22.5) .373 ns 

Leukocytes (G/L)  25.2 (±39.8) 46.9 (±74.2) .009 ** 

Neutrophils (G/L)  3.2 (±7.7) 3.0 (±4.7) .976 ns 

Peripheral blasts (%)  38.7 (±31.3) 51.0 (±30.5) .001 ** 

Bone marrow blasts (%)  62.3 (±26.1) 71.4 (±25.5) .003 ** 

Platelets (G/L)  91.0 (±89.6) 82.4 (±84.0) .337 ns 

Gender, female/male  80/80 (50%/50%) 50/72 (41%/59%) .149 ns 

Age, years (range) 50.3 (19.3-65.9) 51.4 (19.9-65.8) .441 ns 

FAB Classification     

M0 20 (12%) 11 (9%) .443 ns 

M1 28 (18%) 22 (18%) >.999 ns 

M2 37 (23%) 28 (23%) >.999 ns 

M3 17 (11%) 8 (7%) .292 ns 

M4 26 (16%) 29 (24%) .130 ns 

M5 10 (6%) 9 (7%) .812 ns 

M6 5 (3%) 1 (1%) .239 ns 

M7 1 (1%) 4 (3%) >.999 ns 

unclassifiable 16 (10%) 10 (8%) .681 ns 

ELN risk stratification     

Favorable 61 (38%) 33 (27%) .056 ns 

mNPM1 w/o FLT3-ITD 19 (12%) 12 (9%) .702 ns 

t(15;17)/PML-RARA 17 (11%) 8 (7%) .233 ns 

t(8;21)/RUNX1-RUNX1T1 12 (8%) 8 (7%) .819 ns 

inv(16)/CBFB-MYH11 7 (4%) 3 (2%) .522 ns 

CEBPA 6 (3%) 2 (2%) .473 ns 

Intermediate 66 (41%) 54 (44%) .629 ns 

NOS 49 (31%) 39 (33%) .897 ns 

mNPM1 w/ FLT3-ITD 8 (5%) 10 (8%) .329 ns 

wtNPM1 w/o FLT3-ITD 7 (4%) 4 (3%) .762 ns 

t(9;11)/MLLT3-KMT2A 2 (1%) 1 (1%) >.999 ns 

Adverse 33 (21%) 35 (29%) .878 ns 

Monosomy or complex 26 (16%) 16 (13%) .503 ns 

wtNPM1 w/ FLT3-ITD 2 (1%) 13 (11%) <.001 *** 

inv(3)/EVI1 rearranged 4 (3%) 3 (2%) >.999 ns 

t(v;11)/KMT2A rearranged 1 (1%) 2 (2%) .580 ns 

t(6;9)/DEK-NUP214 0 (0%) 1 (1%) .433 ns 

 
Laboratory analyses and age indicated as median values. Plus/minus values indicate standard deviation of the mean.  
ELN: European LeukemiaNet; m: mutated; w/o: without; w/: with; NOS: not otherwise specified; wt: wild-type, 
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Table 2: Outcome  

 Low CFA ratio 
(n=160) 

High CFA ratio 
(n=122) 

P s 

Survival    

Progression free survival, months 26.2 7.7 <.001 *** 

Disease free survival, months 56.4 8.7 <.001 *** 

Overall survival, months 61.2 13.8 <.001 *** 

Follow up, months 56.2 54.7 - - 

Time to relapse, months 7.3 5.0 .135 ns 

Response to therapy     

CR achieved, n (%) 142 (89%) 93 (76%) .006 ** 

Relapse, n (%) 57 (36%) 49 (40%) .458 ns 

Mortality within 1 month, n (%) 9 (6%) 11 (9%) .350 ns 

Mortality within 3 months, n (%) 18 (11%) 24 (20%) .063 ns 

Mortality within 6 months, n (%) 32 (20%) 41 (34%) .013 * 

Mortality total, n (%) 74 (46%) 83 (68%) <.001 *** 

Death in CR1, n (%) 9 (6%) 12 (13%) .103 ns 

Stem cell transplant     

Autologous, n (%) 61 (38%) 41 (34%) .455 ns 

Allogeneic, n (%) 46 (29%) 27 (22%) .220 ns 

 
Survival rates indicated as median values; CR: complete remission; Death in CR1 indicated as percentage of patients 
who achieved a complete remission; ns: not significant; * significant; CFA: CRP/fibrinogen/albumin ratio.  
 

 
  



 
©2019 American Geophysical Union. All rights reserved. 

Table 3: Multivariate outcome analysis. 

Parameter C Index 
Unadjusted HR 

(95%CI) 
p 

Adjusted HR 
(95%CI) 

p 

PFS 0.621 1.8 (1.3-2.5) .003 1.14 (1.05-1.25) .003 

Log(CRP*Fib/Alb)  1.14 (1.05-1.25) .003 - - 

Log(Lc)  1.18 (1.07-1.31) .001 - - 

Bone marrow blasts  0.99 (0.99-1.00) .006 - - 

DFS 0.633 1.8 (1.3-2.5) .028 1.10 (0.99-1.22) .067 

Log(CRP*Fib/Alb)  1.10 (0.99-1.22) .067 - - 

Log(Lc)  1.23 (1.09-1.38) .001 - - 

Bone marrow blasts  0.99 (0.99-1.00) .026 - - 

OS 0.623 1.9 (1.4-2.7) .001 1.19 (1.08-1.31) <.001 

Log(CRP*Fib/Alb)  1.19 (1.08-1.31) <.001 - - 

Log(Lc)  1.13 (1.02-1.26) .018 - - 

Bone marrow blasts  0.99 (0.99-1.00) .002 - - 

 
Stratified Cox model, with covariables Log(CRP*Fib/Alb), Log(Lc) and bone marrow blasts (as continuous  variables) 
for each ELN risk class (favorable, intermediate, adverse). HR: hazard ratio; PFS: progression free survival; DFS: 
disease free survival; OS: overall survival; CRP: C-reactive protein; Fib: fibrinogen; Alb: albumin; Lc: leukocytes. 
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Figure 1: Survival according to the CFA (CRP*Fibrinogen/Albumin)  ratio. Kaplan-Meier curves 

for progression free (A), disease free (B) and overall survival (C) according to CFA ratio.  

 


