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the unique symptom [START_REF] Link | Antimicrobial therapy of unexplained fever in 185 neutropenic patients-guidelines of the Infectious Diseases Working Party (AGIHO) of the 186 German Society of Hematology and Oncology (DGHO), Study Group Interventional 187 Therapy of Unexplained Fever, Arbeitsgemeinschaft Supportivmassnahmen in der 188 Onkologie (ASO) of the Deutsche Krebsgesellschaft[END_REF]. Systemic infections remain the main cause of mortality in these 23 patients therefore, the policy for infection management is to promptly administer empirical 24 antibiotic therapy in order to avoid the increased risk of mortality related to the treatment delay 25 [START_REF] Bodey | Quantitative relationships between circulating 191 leukocytes and infection in patients with acute leukemia[END_REF]. However, microbiological diagnostic tests are not sufficiently rapid, sensitive or specific to 26 indentify the microbial causes of fever, and a considerable number of patients suffer febrile 27 episodes over a prolonged period without a definite microbiological aetiology.

28 Procalcitonin (PCT) (3) has become increasingly popular as a novel marker of infection.

29

Several studies have underscored its value in clinical conditions by identifying infectious 30 processes [START_REF] Assicot | High serum procalcitonin concentrations in patients 196 with sepsis and infection[END_REF][START_REF] Simonp | Procalcitonin-guided antibiotics in severe sepsis[END_REF][START_REF] Charles | Impact of previous sepsis on the accuracy of 200 procalcitonin for the early diagnosis of blood stream infection in critically ill patients[END_REF]. The use of this marker in haematological patients has provided controversial results and no agreement exists about the capacity of PTC to differentiate fever by other 32 inflammatory processes such as mucositis and Graft versus Host diseases (GVHD) [START_REF] Blijlevens | Procalcitonin Does Not Discriminate Infection 203 from Inflammation after Allogeneic Bone Marrow transplantation[END_REF][START_REF] Schuttrumpf | Procalcitonin: a useful discriminator between 206 febrile conditions of different origin in hemato-oncological patients?[END_REF][START_REF] Sakr | The role of procalcitonin in Febrile Neutropenic Patients: 209 review of the Literature[END_REF][START_REF] Svaldi | Procalcitonin-reduced sensitivity and specificity in 211 heavily leucopenic and immunosuppressed patients[END_REF][START_REF] Fleischhack | Procalcitonin in paediatric cancer patients: its 214 diagnostic relevance is superior to that of C-reactive protein, interleukin 6, interleukin 8, 215 soluble interleukin 2 receptor and soluble tumour necrosis factor receptor II[END_REF].

33

In order to evaluate the usefulness of PCT in diagnostic and therapeutic approaches to curve was statistical significant for CRP1 (68%, 95% CI: 54 to 81; p=0,019), but not for CRP2 (54%, 61 95% CI: 38.8 to 68.9; p = 0.6) and CRP3 (48%, 95% CI: 33 to 63; p = 0.8). Moreover, in patients with 62 mucositis, PCT2 values of < 0.5 ng/ml and < 0.2 ng/ml discriminates major infectious events with 63 sensitivities of 48% and 79% and specificities of 70% and 52%, respectively.

64

A bacterial isolate was obtained in 50/59 (85%) major infectious events and in 22/57 (38%) 65 minor events. Gram-negative isolates were significantly more frequent during major events 66 compared to minor events (44/59 vs. 4/ 57, p <0.001).

67

The PCT values, but not the CRP values, were significantly higher at all three time-points in 68 patients with a Gram-negative isolate relative to patients with an isolate other than a Gram-69 negative (PCT1: 1.9 vs 0.2 ng/ml, p=0.001; PCT2: 3.5 vs 0.4 ng/ml, p<0.001; PCT3: 0.7 vs 0.4 ng/ml, 70 p=0.005). Moreover, a PCT2 value of > 0.98 ng/ml was found to discriminate between the 71 presence or absence of a gram-negative bacterial isolation during fever with a sensitivity of 80% 72 and a specificity of 78%.

73

The study of PCT and CRP was conducted separately on the group of transplant patients 74 with the occurrence of GVHD. To this end, only patients at risk of GVHD (allogeneic, haploidentical In particular, the authors found out that GVHD rather than infection accounted for the increase of 96 PCT. Fleischhack et al. [START_REF] Fleischhack | Procalcitonin in paediatric cancer patients: its 214 diagnostic relevance is superior to that of C-reactive protein, interleukin 6, interleukin 8, 215 soluble interleukin 2 receptor and soluble tumour necrosis factor receptor II[END_REF], in a study including paediatric patients with haematological or solid 97 tumours without infections, concluded that chemotherapy-induced tissue damage (such as severe 98 mucositis) did not cause considerable increases of the PCT plasma levels. Some considerations can 99 be made to justify these different results. In the first study, the limited number of patients 100 impacted the statistical evaluation of the results; in the second study, none of the patients was 101 transplanted and half of the febrile events occurred in children with solid tumours. Comparison between the PCT and CRP ROC curves in febrile events in the presence of mucositis 250 according to major infectious events. A. PTC1, 68% (95% CI: 54 to 82; p=0.016); CRP1, 68% (95% CI: 251 54 to 81; p=0,019). B PCT2, 68% (95% CI: 53.9 to 81.7; p = 0.02); CRP2, 54% (95% CI: 38.8 to 68.9; 252 p = 0.6). C. PCT3, 65% (95% CI: 51 to 80; p = 0.035); CRP3, 48% (95% CI: 33 to 63; p = 0.8). 

34

  fever in haematological patients, we evaluated the values of PCT, C-reactive protein (CRP) and 35 erythrocyte sedimentation rate (ESR) in the course of febrile neutropenia by assessing the 36 influence of mucositis and GVDH on these three parameters. The demographics and the clinical characteristics of the study population are shown in 39

  75and umbilical cord blood transplants) have been considered. GVHD occurred in 12 out of 30 76 patients, and it was skin-localised in 11/12 cases and bowel-localised in 1 case. Major infectious 77 events occurred in 9/12 cases and in all of these patients high levels of PCT (>1.3 ng/ml) were 78 detected at all three time points. During minor infectious events, the values of PCT1, 2 and 3 were shows that PCT is a reliable marker of infection in patients with 81 haematological neoplasms and febrile neutropenia. A fair number of publications[START_REF] Blijlevens | Procalcitonin Does Not Discriminate Infection 203 from Inflammation after Allogeneic Bone Marrow transplantation[END_REF][START_REF] Schuttrumpf | Procalcitonin: a useful discriminator between 206 febrile conditions of different origin in hemato-oncological patients?[END_REF][START_REF] Sakr | The role of procalcitonin in Febrile Neutropenic Patients: 209 review of the Literature[END_REF][START_REF] Svaldi | Procalcitonin-reduced sensitivity and specificity in 211 heavily leucopenic and immunosuppressed patients[END_REF][START_REF] Fleischhack | Procalcitonin in paediatric cancer patients: its 214 diagnostic relevance is superior to that of C-reactive protein, interleukin 6, interleukin 8, 215 soluble interleukin 2 receptor and soluble tumour necrosis factor receptor II[END_REF][START_REF] Svaldi | Procalcitonin-reduced sensitivity and specificity in 218 heavily leucopenic and immunosuppressed patients[END_REF][START_REF] Carnino | Procalcitonin as a predictive marker of infections 220 in chemoinduced neutropenia[END_REF][START_REF] Semeraro | A predictor of unfavourable outcome in 222 neutropenic paediatric patients presenting with fever of unknown origin[END_REF][START_REF] Hatzistilianou | Procalcitonin as an early marker of 225 bacterial infection in neutropenic febrile children with acute lymphoblastic leukemia[END_REF](16) 82 have evaluated the utility of PCT as a marker of infection in neutropenic patients with solid-organ 83 cancer or haematological malignancy. Overall, these studies showed a correlation between an 84 elevation of PCT and the presence of infection. However, in a recent review[START_REF] Sakr | The role of procalcitonin in Febrile Neutropenic Patients: 209 review of the Literature[END_REF] that explored 85 studies published between January 1990 and October 2006, the authors were unable to reach 86 definitive conclusions about the usefulness of PCT in febrile neutropenia because of the 87 heterogeneity of the populations evaluated and the variability of the results obtained in the 88 different articles. 89 In our study, the significant increase of PCT during infectious events was not affected by 90 inflammatory conditions such as mucositis and GVHD. To date, only two articles have addressed 91 the role of PCT in haematological patients with neutropenic fever and mucositis and / or GVHD, 92 and they came to conflicting conclusions. Both these studies used the LUMI Test B.R.A.H.M.S. to 93 assess the levels of PCT. Blijlevens et al. (7) demonstrated the inability of PCT to discriminate 94 between infection and other inflammatory conditions in 12 haematological transplanted patients.95
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  . One hundred and sixteen infectious events were observed, 50% of them occurring in

	40
	patients with mucositis. Nine (30%) subjects out of 30 transplanted patients developed GVHD.
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TABLE 1 .

 1 Patients and febrile episode characteristics

	Characteristic