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      Risk Stratification in Febrile Neutropenic 
Patients 

             Marianne     Paesmans    

8.1            Introduction 

 Febrile neutropenia (FN) is a common complication of antineoplastic chemother-
apy especially in patients with hematologic malignancies. It can be associated with 
substantial morbidity and some mortality. Febrile neutropenic patients, however, 
represent a heterogenous group, and not all patients have the same risk of develop-
ing FN and/or related complications. A recent study [ 32 ] looked at potential factors 
predicting the occurrence of FN in 266 patients who received 1,017 cycles of che-
motherapy. Rates of FN following the administration of a unique cycle of chemo-
therapy ranged from 20 % for patients with lymphoma or Hodgkin’s disease to 
25 % in myeloma, to more than 80 % in patients with chronic myeloid leukemia. 
Using patients with myeloma as reference, univariate odds ratios for the develop-
ment of febrile neutropenia were 8.87 for acute myeloid leukemia and 12.11 for 
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chronic myeloid leukemia. The overall risk of developing at least one febrile neutro-
penic episode has been reported to be >80 % in patients with hematologic malignan-
cies [ 25 ]. A febrile neutropenic episode represents a serious and potentially lethal 
event, with an associated mortality of ~ 5 %. Although patients with hematologic 
malignancy are at higher risk of FN development, they do not appear to be at higher 
risk for death during the course of a febrile neutropenic episode, compared to 
patients with solid tumors as shown in a descriptive study by Klastersky et al. [ 27 ]: 
64/1,223 episodes in patients with hematologic malignancy (5.2 %) versus 42/919 
(4.6 %) in patients with solid tumors. However, aside from the risk of mortality, FN 
also causes serious medical complications and increased morbidity, which generate 
increased treatment-related costs and reduce the patients’ quality of life [ 29 ,  52 ]. 

 Preventing febrile neutropenia is a worthwhile goal. Colony-stimulating fac-
tors do shorten the duration of neutropenia, especially in patients with solid 
tumors [ 7 ]. Nevertheless, various guidelines (ASCO, EORTC) recommend their 
use only if the risk of febrile neutropenia exceeds 20 % [ 1 ,  43 ], in order to make 
this strategy cost- effective. This level of risk remains diffi cult to assess or pre-
dict. Additionally, the role of growth factors in patients with hematologic malig-
nancies continues to be debated [ 31 ]. Another preventive strategy is to administer 
prophylactic antibiotics during periods of increased risk, but this strategy is asso-
ciated with the emergence of resistant pathogens [ 50 ]. However, at least in 
patients with hematologic malignancies, neutropenic following chemotherapy 
administration, and afebrile, it reduces infection-related mortality and even all 
causes mortality as shown by meta- analyses [ 14 ,  30 ]. In the Gafter-Gvili meta-
analysis, the relative risk for all-cause mortality is estimated to be 0.66 (95 % CI: 
0.55–0.79). As all causes mortality is impacted, the benefi t of prophylaxis likely 
outweighs the harm although only half of the studies were evaluable for the mor-
tality outcome. 

 Standard management of FN patients includes hospital-based supportive care 
and the prompt administration of parenteral, broad-spectrum, empiric antibiot-
ics. Although successful, this approach has some drawbacks (e.g., unnecessary 
hospitalization for some patients, exposure to resistant hospital microfl ora, 
increased costs), and may not be necessary in all FN patients. As previously 
stated, febrile neutropenic patients constitute a heterogeneous population, with 
a complication rate of approximately 15 % (95 % confi dence interval: 12–17 %) 
in unselected patients [ 24 ]. In other words, 85 % of febrile episodes in neutro-
penic patients resolve without any complications if adequately treated with 
early initiation of empiric antibiotic therapy and appropriate follow-up and 
treatment modifi cation, if necessary. Response rates may be even higher and the 
frequency of complications lower, in selected subgroups of FN patients. This 
knowledge has led investigators to try to identify more homogenous patient 
populations in terms of the risk of development of complications and to model 
the probability of complication development in them. The purpose of this chap-
ter is to describe currently available risk stratifi cation models and their predic-
tive characteristics.  
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8.2     Risk Stratification 

 When attempting risk stratifi cation, it is important to defi ne the outcome one wants 
to study or predict. The following outcomes may be considered: response to the 
initial empiric antibiotic regimen, the development of bacteremia or serious medical 
complications before resolution of fever and neutropenia, and mortality related to 
the FN episode. Response to empiric antibiotic treatment has been a useful endpoint 
for most randomized clinical trials [ 6 ]. Although it is a fair indicator of the activity 
of a particular drug or regimen, the requirement for antibiotic change does not nec-
essarily imply clinical deterioration and should not be used as a marker of worsen-
ing in risk prediction models. The same argument applies to bacteremic status, i.e., 
bacteremia does not necessarily represent increased clinical risk, at least in adult 
patients [ 27 ]. Death resulting from the febrile neutropenic episode is the most rele-
vant endpoint. Fortunately, it is an uncommon event, making it diffi cult to conduct 
studies suffi ciently powered to model for the probability of death. Consequently, the 
occurrence of serious medical complications appears to be the only feasible end-
point for risk assessment. It does have high clinical relevance as highlighted in a 
discussion of risk assessment [ 22 ]. 

 Before developing a risk stratifi cation rule, it is important to think about the 
future application of the rule and about the patient subgroup one wants to identify. 
Is it more meaningful to identify low-risk patients or high-risk patients? Is a binary 
rule satisfactory? Or does one need to be more subtle? Even, if one models the prob-
ability of the development of serious medical complications and gets a “continuous” 
prediction rule, the use one wants to make of the predicted probability will guide the 
choice of the threshold for defi ning low-risk, intermediate risk, or high-risk. Indeed, 
in clinical practice, an infectious diseases specialist needing to decide how he will 
treat a specifi c patient does not care about a “continuous” prediction but wants to 
have a tool that will help him to opt for a specifi c therapeutic choice. Up to now, 
most of the studies done on risk stratifi cation for FN in adults and children have 
focused on the identifi cation of low-risk patients with the subsequent goal of sim-
plifying therapy for these patients.  

8.3     Risk Stratification Methods 

8.3.1     Clinical Approach 

 This method relies on empirically combining a set of predictive factors published in 
the literature and/or chosen on the basis of clinical expertise, without formally ana-
lyzing the interaction between them. This was the most frequently adopted method-
ology for the clinical trials which tested oral antibiotic regimens in hospitalized 
patients considered to be at low-risk [ 12 ,  21 ,  51 ]. The University of Texas, MD 
Anderson Cancer Center, has played a pioneering role in delineating the clinical 
criteria for identifying patients at low-risk for the development of complications and 
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therefore eligible for simplifi ed therapy. Investigators at this institution were among 
the fi rst to show that low-risk patients could be safely managed as outpatients 
[ 38 ,  41 ]. This “clinical” approach has the advantage that the defi nition of low-risk 
is fl exible and may be changed depending on the context of use and on the results of 
new studies. It is probably more applicable in busy clinical practices but is consid-
ered less scientifi cally stringent when one is trying to conduct multicenter clinical 
trials (due to transportability and generalizability issues). Because of the fl exible 
nature of clinical criteria, it is very diffi cult to accurately determine the sensitivity, 
specifi city, and positive and negative predictive values of this approach. The clinical 
factors considered to delineate low-risk include hemodynamic stability/absence of 
hypotension, no altered mental status, no respiratory failure, no renal failure, no 
hepatic dysfunction, good clinical condition, short expected duration of neutrope-
nia, no acute leukemia, no marrow/stem cell transplant, absence of chills, no abnor-
mal chest X-ray, no cellulitis or signs of focal infection, no catheter-related infection, 
and no need for intravenous supportive therapy [ 12 ,  19 ,  21 ,  28 ,  33 ,  51 ]. Of note, the 
fi rst models excluded most patients with hematologic malignancy (direct exclusion 
of patients with acute leukemia or indirect exclusion through the criterion requiring 
the expected duration of neutropenia to be short).  

8.3.2     Modeling Approach 

 The second approach has been used to derive risk prediction models by integrating 
several factors in a unique way and taking into account their independent value and 
their interactions. This is a more systematic way of constructing prediction models, 
and their diagnostic characteristics can be studied and optimized depending on the 
future use of the model. Before being suitable for clinical practice, they need to be 
tested in distinct patients populations in order to ensure that they are well calibrated 
(predicted outcomes have to match observed outcomes) and transportable to other 
settings (other institutions, other underlying tumors, or other antineoplastic ther-
apy). Their discriminant ability needs to be monitored regularly. The advantages of 
this approach are numerous: the assessment of low-risk as well as the defi nition of 
the outcome to be predicted is standardized and more objective; the classifi cations 
have known properties; the models can be constructed in a parsimonious way with 
the use of independent predictive factors making them robust when used in other 
settings. However, the development process may take years, and the need for valida-
tion should not be underestimated since the context of use has to be considered 
before introducing them in clinical practice.  

8.3.3     Validated Models 

 To date, two scoring systems have been developed and validated in adult patients, 
both using a similarly defi ned endpoint, i.e., the occurrence of serious medical com-
plications (Table  8.1 ). The defi nition may appear somewhat arbitrary but has the 
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merit of having been clearly formulated. Deviations from this defi nition have been 
observed in validation series especially when the risk models were used for select-
ing patients for outpatient treatment. In that setting, it is logical to consider that 
hospitalization is an event to be avoided although hospitalization is not necessarily 
a serious medical complication. These adaptations have been used in the studies 
conducted by Kern et al. [ 23 ] and Klastersky et al. [ 26 ].

8.3.3.1       The Talcott Model 
 Talcott and colleagues were the fi rst to propose risk-based subsets in patients with 
chemotherapy-induced FN. Patients were classifi ed into four groups (Table  8.2 ). 
Groups 1, 2, and 3 (all hospitalized patients) were not considered to be low-risk. 
However, patients in group IV (with controlled cancer and without medical comor-
bidity, who developed their febrile episode outside the hospital) were considered to 
be at low-risk [ 44 ]. The construction of the groups was done using clinical argu-
ments and expertise and was initially tested in a retrospective series of 261 patients 
from a single institution. It was then validated in a prospective series of 444 epi-
sodes of FN at two institutions [ 45 ]. The model was constructed without distin-
guishing patients with solid tumors or hematologic malignancy although the 
defi nition of controlled cancer was different for patients with leukemia (complete 
response on the last examination) than for patients with solid tumor (initiation of 
treatment or absence of documentation of progression). The validation series 
included 24 % of patients with non-Hodgkin’s lymphoma and 17 % of patients with 

   Table 8.1    Serious medical complications as defi ned in Talcott et al. [ 44 ]   

 Hypotension (defi ned as systolic blood pressure <90 mmHg or the need for pressor support to 
maintain blood pressure) 

 Respiratory failure (defi ned as arterial oxygen pressure less than 60 mmHg while breathing 
room air or need for mechanical ventilation) 

 Intensive care unit admission 

 Disseminated intravascular coagulation 

 Confusion or altered mental state 

 Congestive cardiac failure seen on chest X-ray and requiring treatment 

 Bleeding severe enough to require transfusion 

 Arrhythmia or ECG changes requiring treatment 

 Renal failure requiring investigation and/or treatment with intravenous fl uids, dialysis, or any 
other intervention 

 Other complications judged serious and clinically signifi cant by the investigator 

   Table 8.2    The Talcott classifi cation [ 44 ]   

 Group I  Inpatients (at the time of fever onset) 

 Group II  Outpatients with acute comorbidity requiring hospitalization 

 Group III  Outpatients without comorbidity but with uncontrolled cancer 

 Group IV  Outpatients with controlled cancer and without comorbidity 

  Group IV is considered to be the low-risk group  
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acute myeloid leukemia. The diagnostic characteristics of the model were not strati-
fi ed by underlying disease. The ultimate goal of the model was to identify low-risk 
patients, and groups I to III were never defi ned in order to further refi ne risk strati-
fi cation. The model was further applied in a randomized trial [ 46 ] that aimed to 
assess whether outpatient management of predicted low-risk patients increases the 
risk of medical event. Patients with fever and neutropenia persisting after 24 h inpa-
tient observation were randomized between continued inpatient care and early dis-
charge without changing the antibiotic regimen unless medically required. The 
study was initially designed to detect an increase from 4 to 8 % in medical compli-
cation rate and then revised to detect an increase from 4 to 10 % with a planned 
sample size of 448 episodes. Stopped early due to poor accrual in 2000, the study 
was published with 66 episodes randomized in the hospital care arm and 47 epi-
sodes in the early discharge arm [ 46 ]. Although the study is underpowered, the 
authors concluded to no evidence of adverse medical consequences of the home arm 
(9 % complications rate versus 8 % and a 95 % confi dence interval for the difference 
from −10 to 13 %). Having included only predicted low-risk patients, the study can-
not be viewed as a full validation one, and we also can wonder why the study 
hypothesis was the inferiority of the experimental arm.

8.3.3.2        The MASCC Risk Index 
 The second model was developed as the result of an international prospective study 
conducted by the Multinational Association for Supportive Care in Cancer 
(MASCC) [ 24 ]. The original design of the study included a validation part. Before 
carrying out any data analysis, study subjects were split into a derivation set ( n  = 756 
episodes) and a validation set ( n  = 383). The score derived from the fi rst set was 
obtained after multivariate logistic regression. A numeric risk index score, the so- 
called MASCC score, was constructed by attributing weights to seven independent 
factors shown to be associated with a high probability of favorable outcome. This 
score is presented in Table  8.3 . It ranges from 0 to 26, with a score of 21 or more 

  Table. 8.3    The MASCC risk 
index [ 24 ]  

 Characteristic  Weight 

 Burden of illness (i.e., febrile neutropenia) 

  No or mild symptoms  5 

  Moderate symptoms  3 

 No hypotension  5 

 No chronic obstructive pulmonary disease  4 

 Solid tumor or no previous fungal infection  4 

 No dehydration  3 

 Outpatient status  3 

 Age <60 years  2 

  The score is obtained by summing up the different weights (the 
weights for burden of illness are not cumulative) and ranges from 0 
to 26. Patients with a score ≥21 are considered at low-risk  
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defi ned as being predictive of low-risk for the development of complications. This 
threshold was chosen from the derivation set, using a complication rate of 5 %, as a 
compromise between positive predictive value and sensitivity of the prediction rule. 
Similar to the Talcott model, the intended purpose of this model was to identify 
patients at suffi ciently low-risk for the development of serious complications. The 
targeted positive predictive value of the score (i.e., the rate of patients without seri-
ous medical complication predicted by the rule) decreased, as expected, from 95 to 
93 %, on the validation set. The characteristics of both models, based on the valida-
tion set are shown in Table  8.4 . The MASCC study provides further validation of the 
Talcott classifi cation in a multicentric setting. Comparing the characteristics of the 
prediction rules, the MASCC score did improve upon the sensitivity and the overall 
misclassifi cation rate of the Talcott scheme. On the other hand, the positive predic-
tive value might be considered suboptimal, at least when the threshold of 21 is used. 
Increasing the threshold might increase the positive predictive value but will also 
reduce the sensitivity of the model. In the Talcott model, the underlying disease 
particularly the presence of a solid tumor or hematologic malignancy impacted on 
the degree of risk only in the form of an interaction with the existence of a previous 
fungal infection or suspected fungal infection. The underlying disease was a predic-
tive factor on univariate analysis, but was not subsequently identifi ed as an indepen-
dent risk predictive factor.

8.3.3.3         Independent Validation of the MASCC Score 
 Due to its immediate validation as planned in the study protocol, its increased sen-
sitivity compared to the Talcott scheme, and its acceptable positive predictive value, 
the MASCC score has been proposed as a useful tool for predicting low-risk febrile 
neutropenia in the IDSA guidelines since 2002 [ 13 ,  18 ]. 

 It has also been the subject of several independent validation studies. The pri-
mary objective of one of these studies was to attempt to improve the MASCC score 
through the estimation of the further duration of neutropenia. Indeed, expected fur-
ther neutropenia duration, if correlated with the underlying tumor, could be the true 
factor underlying a higher risk for patients with hematologic malignancies than for 
patients with solid tumors. However, it is diffi cult to assess at presentation. A mul-
ticentric study was therefore conducted with detailed data collection about chemo-
therapy. This study [ 35 ] included 1,003 febrile episodes selected in 1,003 patients 
from 10 participating institutions. Among them, 546 had hematologic malignancy 
including 246 with acute leukemia. A model predicting further neutropenia duration 

   Table. 8.4    Characteristics of the clinical prediction rules derived from the Talcott and MASCC 
classifi cations: validation set from Klastersky et al. [ 24 ] ( n  = 383 patients)   

 Group  Sensitivity  Specifi city  PPV  NPV  Miscellaneous 

 Talcott’s group IV  0.30  0.90  0.93  0.23  0.59 

 MASCC ≥21  0.71  0.68  0.91  0.36  0.30 

  The characteristics were calculated for a test aiming to identify low-risk patients 
  PPV  positive predictive value,  NPV  negative predictive value  
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as a binary status (long versus short duration) was developed. Almost all leukemic 
patients were predicted to have a long duration, and all patients with solid tumors 
were predicted to have a short duration of neutropenia, but the model was unable to 
split the patients with hematologic malignancies other than leukemia into subgroups 
with short or long predicted duration. Unfortunately, the addition of this covariate 
did not result in a risk prediction model more satisfactory than the one obtained with 
the MASCC risk index. 

 Table  8.5  summarizes the results of the independent series attempting to validate 
the MASCC score for identifying low-risk patients. Although some of the series are 
small, they all show positive predictive values that are above 85 %, except one study 
[ 8 ] not reported in the table. This study used a very different defi nition of complica-
tions which included a change in the empiric antibiotic regimen. Consequently, the 
reported rate of complications is huge (62 %), and this paper cannot be considered 
to be a true validation of the MASCC score. Looking at the data summarized in 
Table  8.5 , one can observe that when the proportion of patients with hematologic 
malignancies increases, the positive predictive value decreases, suggesting that the 
score should be used with greater caution in patients with hematologic malignan-
cies. One could also consider increasing the threshold for defi ning low-risk in order 
to increase the positive predictive value, albeit at the price of decreased sensitivity. 
Table  8.6  shows how the diagnostic characteristics may evolve with changes in 
threshold Table     8.7 .

     Numerous studies [ 4 ,  5 ,  20 ,  23 ,  26 ,  39 ,  40 ,  42 ] have used the MASCC score for 
selecting low-risk patients in order to simplify therapy, with suggested benefi ts such 
as improved quality of life for patients and their families. Some recently published 
studies confi rm as it was hypothesized that costs are decreased [ 9 ,  16 ,  47 ]. The vari-
ous therapeutic options for low-risk patients are beyond the scope of this chapter. 
Nevertheless, it needs to be stressed that prediction of low-risk and the suitability for 
either oral treatment (one of the approaches for simplifying treatment) or outpatient 

    Table 8.5    Characteristics of the MASCC clinical prediction rule in independent series   

 Reference 
  N  
episodes 

 Hematologic 
patients 

 Predicted 
at low-risk  Se  Sp  PPV  NPV 

 Paesmans [ 35 ]  1,003  55 %  72 %  79 %  56 %  88 %  40 % 

 Stratum of 
hematologic tumors 

 549  100 %  70 %  77 %  51 %  84 %  40 % 

 Stratum of solid 
tumor patients 

 454  0 %  74 %  81 %  64 %  93 %  38 % 

 Uys et al. [ 48 ]  80  30 %  73 %  95 %  95 %  98 %  86 % 

 Cherif et al. [ 5 ]  279  100 %  38 %  59 %  87 %  85 %  64 % 

 Klastersky et al. [ 26 ]  611  43 %  72 %  78 %  54 %  88 %  36 % 

 Innes et al. [ 20 ]  100  6 %  90 %  92 %  40 %  97 %  20 % 

 Baskaran et al. [ 3 ]  116  100 %  71 %  93 %  67 %  83 %  85 % 

 Hui et al. [ 17 ]  227  20 %  70 %  81 %  60 %  86 %  52 % 

  The characteristics were calculated for a test aiming to identify low-risk patients and may then 
differ from the original publications  
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treatment (the other approach for simplifying treatment) are different issues. 
Prediction of low-risk is a necessary but not exclusive condition for simplifi ed, risk- 
based therapy. This should be kept in mind [ 10 ,  11 ,  22 ,  26 ,  39 ] when designing 
studies for low-risk patients. Despite this, there are numerous recent reports show-
ing that outpatient treatment can be as successful as in-hospital treatment, even for 
some patients with hematologic malignancies [ 5 ,  15 ,  42 ].  

8.3.3.4     Predicting Intermediate or High-Risk Using the Validated 
Models 

 The Talcott model was designed to identify low-risk patients, and the classifi cation 
of high-risk patients into groups I to III had no preplanned purpose. Consequently, 
this model is unlikely to be helpful in a setting other than the identifi cation of low- 
risk patients. In the MASCC study, the probability of development of serious com-
plications has been modeled with a “continuous” range of predicted values. This 
information, however, may not be relevant to the clinician who needs to get a binary 
answer to help in therapeutic decision making. Initially, the identifi cation of low-risk 
was considered most relevant in order to facilitate research on oral antibiotic therapy 
and/or outpatient management. The threshold was set to achieve a positive predictive 
value of 95 %. A broader use of the score could be envisaged to select patients at 
intermediate or high-risk of complications. Data collected on validation series show 
that, indeed, the higher the score, the higher the probability of resolution without the 
development of serious medical complications, as depicted in Fig.  8.1  [ 34 ]. So, inter-
mediate values of the score or even the lowest values of the score may help further 
categorize patients. However, in each of the categories, the rate of complications 
never approaches 1. Therefore, a rule trying to identify patients who will develop 
complications using the available model will lack sensitivity and be unsatisfactory. 
Furthermore, the number of patients at the lowest values of the score is small, and 
studies focusing on patients at high-risk of the development of complications might 
be very diffi cult to conduct due to low accrual potential. Nevertheless, a study com-
paring a very “aggressive” therapeutic approach including the administration of 
growth factors and/or immediate treatment in an intensive care unit, versus standard 
hospital-based empiric therapy, might be very interesting.

   Table 8.6    MASCC score: characteristics of the clinical prediction rule by threshold and stratifi ed 
by underlying tumor validation study [ 35 ]   

 Threshold  Se  Sp  PPV  NPV  Misclassifi ed 

 Hematologic patients ( n  = 549) 

 21  77 %  51 %  84 %  40 %  29 % 

 22  51 %  81 %  90 %  34 %  42 % 

 24  15 %  97 %  94 %  26 %  65 % 

 Solid tumor patients ( n  = 454) 

 21  81 %  64 %  93 %  38 %  21 % 

 22  70 %  76 %  94 %  32 %  29 % 

 24  58 %  81 %  94 %  26 %  38 % 
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8.3.3.5       How to Improve Risk Prediction Models? 
 Although the MASCC score has been satisfactorily validated and reported to be 
useful for predicting low-risk in different patients populations and settings, it is far 
from optimal, with a misclassifi cation rate of 30 % and low specifi city and negative 
predictive values. Several attempts to improve the MASCC score have been made. 
As already mentioned, a multinational study [ 35 ] looked in detail at the characteris-
tics of the chemotherapeutic regimen that induced the febrile neutropenic episode 
and attempted to associate it with further duration of neutropenia. The next step 
which was to incorporate this information in risk prediction failed. 

 Utilizing the databases of the original MASCC study and the subsequent study 
that looked at duration of neutropenia, the issue of the signifi cance of bacteremic 
status was reviewed [ 36 ]. This review found that (1) after stratifi cation for the type 
of underlying cancer (hematologic malignancy versus solid tumor) and for bactere-
mic status (no bacteremia, single organism gram-negative bacteremia, single organ-
ism gram-positive bacteremia, polymicrobial bacteremia), the MASCC score had a 
predictive value in all the strata without any detectable interaction term; and (2) 
prior or early knowledge of bacteremic status, although predictive of outcome, 
would not be helpful in improving the accuracy of a clinical rule characterizing 
patients as low and high-risk. 

 Uys et al. [ 49 ] analyzed the predictive role of circulating markers of infection 
(C-reactive protein, procalcitonin, serum amyloid A, and interleukins IL-1β, IL-6, 
IL-8, IL-10) in a monocentric series of 78 febrile neutropenic episodes. Although this 
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  Fig. 8.1    Rate of serious complication or death according to MASCC score values [ 34 ]       

 

8 Risk Stratifi cation in Febrile Neutropenic Patients



148

study is limited by its sample size and power, their conclusion was that none of the 
markers had an independent predictive value that would improve risk prediction. 

 De Souza Viana [ 8 ] proposed adding information about complex infection status to 
the MASCC score and to exclude patients with a complex infection (defi ned as infec-
tion of major organs, sepsis, soft tissue wound infection, or oral mucositis grade >2) 
from the predicted low-risk patients. In a small series of 53 episodes (64 % of patients 
with hematologic tumor), they suggested that their model restricted the group of pre-
dicted low-risk patients from 21 to 15, but that the rate of complications was 0 instead 
of 4/21 (19 %). However, this proposal used a different defi nition of complication, 
considering that a patient with antibiotic change presented a complication although 
there is no clinical justifi cation of this defi nition. This model is therefore not compa-
rable to the other proposals and, in our opinion, less clinically meaningful. 

 In a recent study [ 37 ], the authors attempted to develop a risk model targeting high-
risk prediction in patients with hematologic malignancies. They suggested that, in this 
group of patients, progression of infection might be quicker than in patients with solid 
tumors and that a specifi c model for predicting high-risk of complications in such patients 
would be very valuable. In a monocentric study of 259 febrile neutropenic episodes (137 
patients), they constructed a score with values 0, 1, 2, or 3. One point is attributed to each 
of the following factors (measured before the administration of chemotherapy): low albu-
min level (<3.3 g/dl), low bicarbonate level (<21 mmol/l), and high CRP (≥20 mg/dl). 
The rates of complications were 7/117 (6 %), 21/71 (30 %), 24/43 (56 %), and 18/18 
(100 %) with increasing values of the score. Park and coauthors suggested that patients 
with a score ≥2 should be considered as high-risk patients. The model needs validation, 
and the characteristics of the proposed clinical prediction rule should be studied further 
before being used. It is attractive due to the fact that it is specifi c to patients with hemato-
logic malignancies and is based on very objective factors (contrary to the MASCC score 
which needs assessment of burden of FN) which are assessable even before the develop-
ment of FN (i.e., at the time chemotherapy is initiated). It can however be hypothesized 
that a high CRP level at initiation of chemotherapy is just refl ecting a nondiagnosed 
infectious disease rather than being predictive of the outcome of a future FN episode.    

    Conclusions 
 It is clear that febrile neutropenia occurs in a heterogeneous group of patients and 
that any accurate risk stratifi cation system is valuable for guiding the management 
of selected subgroups of patients. Furthermore, evidence-based data and systematic 
reviews show that oral antibiotic therapy is a safe and feasible alternative to conven-
tional intravenous therapy. The published scoring systems for predicting risk have 
been validated enough to guide the selection of patients for the administration of an 
oral regimen. At present, the MASCC risk index is probably the preferred method. 
However, there is room for improvement, specially in the prediction of low-risk in 
patients with hematologic malignancies. Further areas of research include the utility 
of rapid laboratory tests [ 22 ] and pattern recognition molecules able to activate the 
lectin pathway, such as mannose-binding lectin protein or fi colins [ 2 ]. One should 
also look at variables collected in the short-term follow-up. Indeed, the usefulness 
of reassessment of currently available scoring systems has not been studied much 
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but is probably of limited value as most of the variables included in them are not 
susceptible to change. The use of risk prediction models for selecting patients for 
ambulatory treatment is more complex, as factors other than risk have to be taken 
into account as well as local epidemiology. The recognition of intermediate or high- 
risk and the provision of aggressive therapy to these patients are a new area for 
research and need to be formally studied.     
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