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INTRODUCTION:
Febrile neutropenia (FN) is a common complication related to 
chemotherapy in cancer patients. The early diagnosis of bacterial 
infection among patients with FN is challenging. Few clinical signs 
such as fever, headache, and hypotension may indicate bacterial 
infections in many cases of FN (1) and the focus of infection is 
uncertain. For the diagnosis of bacteraemia, even though blood 
cultures are the gold standard for the diagnosis of bacteraemia (2), 
obtaining and testing cultures are time-consuming and their results are 
not available immediately. Therefore, a predictive tool to diagnose 
bacterial infections in FN is crucial for early diagnosis. Many authors 
suggested interleukin-6, C-reactive protein (CRP), and Procalcitonin 
(PCT) as predictive biomarkers to diagnose bacterial infections.CRP is 
an acute-phase protein. Procalcitonin (PCT) is produced by thyroid C 
cells and converted to calcitonin before being released into the 
bloodstream. PCT rises within 3 hours after the onset of symptoms to a 
level which can be measured. PCT concentrations were below the 
detection limit in healthy individuals but levels increased with 
increasing severity of the bacterial infection. Febrile neutropenia 
patients were classied as low risk, and high risk based on the 
Multinational Association for Supportive Care in Cancer (MASCC) 
score(3) . The MASCC risk index is a valuable part of the selection of 
patients who can safely be treated at home. MASCC score needs to be 
correlated with a biomarker like procalcitonin or CRP in order to 
increase the specicity and sensitivity of the scoring system. The 
utility of PCT has been demonstrated in recent studies, and as there is a 
need of early detection of infection in febrile neutropenic patients. This 
study aimed to determine the role of Serum Procalcitonin as early 
diagnostic marker of sepsis in comparison to CRP in cancer patients 
with febrile neutropenia.

MATERIAL AND METHODS:
This was a prospective observational study conducted on patients 
presenting to Medical Oncology department SVIMS from May 2018 
to December 2019. All cancer patients (both solid and haematological) 
with chemotherapy-induced febrile neutropenia between the ages of 4 
to 70 years with febrile neutropenia and not received prior antibiotic 
therapy at initial presentation were included.  Patients with 
neutropenia unrelated to chemotherapy, afebrile neutropenia and 
medullary carcinoma of thyroid were excluded. Recruitment of 
patients was started after getting approval from the institutional Ethics 
Committee. A written informed consent was taken from all patients. 

0 0Patients who have a single oral temperature of > 38.3 C (101 F) or 
0 0temperature >38 C (100.4 F) for one hour with an absolute neutrophil 

3 3count of < 500 cells/mm  or expected to fall below 500/mm  within 48 
hours were considered as having FN. Blood samples were collected for 

analysing haemoglobin level, white blood cell count, platelet count, 
absolute neutrophilic count, CRP, PCT, culture and sensitivity. Patients 
were divided in to two groups based on presence or absence of sepsis 
after the diagnosis of febrile neutropenia. Patients with sepsis 
(documented sepsis by culture or clinical sepsis with symptoms like 
tachycardia, tachypnea, and hypotension) were allotted to group 1; 
Patients with no sepsis (fever, neutropenia with sterile blood cultures, 
and no signs of clinical sepsis) were allotted to group 2. Sepsis 
presence was proven by blood culture or clinical sepsis with fever, 
tachycardia, tachypnea and hypotension. Baseline characteristics 
including age, sex, malignancy, chemotherapy received, degree of 
neutropenia, vital signs (pulse rate, temperature, respiratory rate, 
oxygen saturation, blood pressure) and MASCC score were 
noted.PCT value >0.25ng/ml was taken as positive. PCT was 
measured by sandwich immunodetection method. CRP value >6 mg/dl 
in serum was taken as positive and measurement was done by 
nephelometric methodology (passive agglutination).

Statistical Analysis:
Data was analysed using SPSS version 25.0 (IBM SPSS, Armonk, NY, 
USA) and expressed as mean±SE (variables with normal distribution) 
or mean±SE (variables without normal distribution) and frequencies 
with percentages for continuous and categorical variables respectively. 
Differences observed between the groups were tested for statistical 
signicance using Independent Student's t-test & Fischer's exact test 
for continuous and categorical data respectively. Pearson correlation 
test was performed to nd out the relationship between MASCC score, 
CRP and Procalcitonin. Receiver Operating Characteristic (ROC) 
curve analysis was performed to measure the accuracy of CRP and 
Procalcitonin in predicting sepsis among cancer patients. With ROC 
curve analysis we have measured cut-off point, sensitivity (True 
positive), specicity (True negative), negative predictive value (PPV) 
and positive predictive value (NPV) for both CRP and Procalcitonin in 
differentiating between sepsis and non-sepsis groups. The cut-off 
values for both the parameters CRP and Procalcitonin were taken from 
the Youden index. A p-value ≤0.05 (probability value) was considered 
as signicant.

RESULTS:
The present study enrolled a total of 83 cases of Febrile Neutropenia. 
The mean age of the study population was 27.59±1.82 years. Majority 
of cases were male gender. The frequency of FN was highest in AML 
patients followed by ALL patients. Mean CRP in sepsis vs non sepsis is 
129.69±11.64 vs 85.73±11.22 (p=<0.05).Mean PCT in sepsis vs non 
sepsis is 22.20±5.18 vs 3.53±2.53 (p=<0.05).Sepsis (both clinical and 
documented sepsis) was found in 51.8% cases (n=43).Blood culture 
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was positive in 36.1% (n=30) of the cases of which majority were 
positive with gram negative organisms. MASCC high risk was 
statistically signicant in cases with sepsis. Both CRP and PCT were 
high in sepsis cases when compared to non sepsis cases with signicant 
p value. ROC curve analysis suggestive of PCT had more sensitivity 
(81.4%vs67.4%) and specicity when compared to CRP 
(90.0%vs67.5%) (Figure 1) .On correlation MASCC score was 
signicantly negatively correlated with PCT  (r = -0.594, p=<0.0001) 
and it indicates patients with low MASCC score < 21 (high  risk) were 
having high PCT values.CRP was not correlated with the MASCC 
score (r = -0.114,p=0.305) (Figure 2).

DISCUSSION:
Febrile neutropenia is one of main complications of chemotherapy and 
is considered as oncological emergencies. Identifying the causative 
agent for treatment may take time and may cause delay in the initiation 
of treatment. Hence we require markers that help in early diagnosis.

Patient Characteristics:
The mean age of the study population was 27±1.82 years which is 
similar to study done by Andre et al, Roy et al (4). Majority of patients 
in the current study were male (n=55, 66.3% vs 33.7%). Among the 83 
cases, 68 cases were diagnosed with haematolymphoid malignancies 
and remaining 15 cases were diagnosed with solid malignancy group 
(81.9% vs 18.1%). More than half of the cases were leukemia (74.7%), 
with highest frequency in AML cases (49.4%) followed by ALL 
(25.3%).This is similar to studies done by Heinz Ludwig et al and 
Mahmouds-Ahwal et al (5). This is also evident by studies done by 
Klastersky J et al, Lyman GH et al. (6)

Sepsis, PCT and CRP:
Sepsis was seen in 51.8 %( n=43) of FN cases. Blood culture positivity 
was found in 30 FN cases (36.1%) in which 24 were gram-negative 
(n=28.9%), 6 were gram-positive (7.2%).Urine culture was positive in 
11 cases with all cases showing gram-negative bacteria. In 1970s the 
predominant bacteria in FN patients were gram-negative bacteria 
which were shifted to gram-positive spectrum since mid-1980s. An 
analysis done by EORTC antimicrobial group, found that the 
frequency of gram positive organisms increased from 29% to 69 % in 
the trials conducted between 1973 to 1994(7, 8). In contrast to this, the 
present study revealed increased frequency of gram-negative bacteria 
in FN patients. This could be related to the microbiological spectrum of 
our institute. Prakas Kumar mondal et al (9) studied 268 FN cases 
among them 78 cases showed culture positivity with more than half of 
the culture positive cases showed gram negative bacteria, which is 
similar to the present study. This is also evident by studies done by 
Bodey GP et al, Cometta et al (10, 11, 12, 13, and 14). In the present 
study the mean CRP and procalcitonin levels in sepsis group are high 
compared to non sepsis group with signicant probability value. 
However ROC curve analysis revealed PCT (cut off point >0.98) is 
better in predicting the sepsis than CRP (cut off point >111) in FN 
patients. The sensitivity, specicity, positive and negative predictive 
value of PCT was 81.4%, 90%, 89.7% and 81.8% respectively. The 
sensitivity and specicity, positive and negative predictive value of 
CRP was 67.4%, 67.5%, 69% and 69.5% respectively. Dae yong et al 
(15) studied diagnostic accuracy of PCT and CRP in 286 FN patients 
and reported a higher sensitivity and specicity for PCT when 
compared with CRP which is similar to the present study. In this study 
sensitivity and specicity for PCT were 60.5% and 82.3% respectively 
and for CRP it was 57.8% and 67.3% respectively. Similar 
observations were noted in a retrospective study done by Mohsen 
Meidani et al (16). A prospective study done by Purkayastha k et al (17) 
compared PCT and CRP in 89 febrile neutropenic patients. They 
reported PCT had more sensitivity (73.3%vs13.3%) as compared to 
CRP but not specic (29.4%vs77.2%) in predicting sepsis. However, 
meta analysis done by Tan M et al(18) which included  495 patients 
with sepsis from nine  studies and analyzed the diagnostic accuracy of 
PCT and CRP and found that the sensitivity and specicity  of  
PCT(85% and 80% respectively) was higher when compared to 
CRP(80% and 61% respectively). Similar results were observed by 
Liliana simon et al (19) and Tasnim Arif et al (20) in their respective 
meta analysis.

MASCC score, CRP and PCT:
In the present study FN cases were classied into low risk (score >21) 
and high risk (score<21) based on MASCC score. Patients in high risk 
group had high frequency of sepsis when compared to low risk group. 
This is similar to the study done by Shin Ahn et al (21).On correlation 

of PCT and CRP with MASCC score revealed, MASCC high risk 
patients had signicantly higher PCT values (r= -0.594;pvalue 
<0.0001) whereas correlation with CRP was not statistically 
signicant ( r=-0.114;p=0.305). Uys A et al (22) studied multiple 
biomarkers in FN patients and correlated with MASCC score. Of all 
the biomarkers PCT had strongest correlation with MASCC score 
(r−0.51; P<0.0001).

In conclusion, C reactive protein and Procalcitonin are useful 
biomarkers in detecting sepsis in FN patients. Procalcitonin has more 
sensitivity and specicity in diagnosing sepsis in FN patients when 
compared to CRP.MASCC high risk patients showed high frequency 
of sepsis as well as culture positivity. Gram negative bacteraemia is 
more common in the present study population. Procalcitonin has better 
correlation with MASCC score than C-reactive protein.

Figure 1: Receiver Operating Characteristic Curve Analysis Of CRP 
And Procalcitonin

Figure 2: Correlation Between  MASCC Score And Procalcitonin

REFERENCES:
1. Rasool Hassan BA, Yusoff ZB, Othman SB. Fever clinical signs and association with 

neutropenia in solid cancer patients: bacterial infection as the main cause. Asian Pac J 
Cancer Prev. 2010;11:1273-7.

2. Weinstein MP, Towns ML, Quartey SM, Mirrett S, Reimer LG, Parmigiani G, et al. The 
clinical signicance of positive blood cultures in the 1990s: a prospective 
comprehensive evaluation of the microbiology, epidemiology, and outcome of 
bacteremia and fungemia in adults. Clin Infect Dis. 1997;24:584-602.

3. Klastersky J, Paesmans M, Georgala A, Muanza F, Plehiers B, Dubreucq L, Lalami Y, 
Aoun M, Barette M (2006) Outpatient oral antibiotics for febrile neutropenic cancer 
patients using a score predictive for complications. J Clin Oncol 24:4129–4134.

4. André S, Taboulet P, Elie C, Milpied N, Nahon M, Kierzek G, et al. Febrile neutropenia 
in French emergency departments: Results of a prospective multicentre survey. Crit 
Care 2010;14:R68.

5. Ludwig, H., Gascón, P., Bokemeyer, C. et al. Outcomes of chemotherapy-induced 
(febrile) neutropenia prophylaxis with biosimilar lgrastim (Zarzio®) initiated “same-
day” (<24 h), “per-guidelines” (24–72 h), and “late” (>72 h): ndings from the 
MONITOR-GCSF study. Support Care Cancer 27, 2301–2312 (2019) doi:10.1007/ 
s00520-018-4513-6.

6. Klastersky J, Paesmans M, Rubenstein EB, Boyer M, Elting L, Feld R, et al. The 
Multinational Association for Supportive Care in Cancer risk index: A multinational 
scoring system for identifying low-risk febrile neutropenic cancer patients. J Clin Oncol. 
2000;18:3038–51.

7. Meunier F. Infections in patients with acute leukemia and lymphoma, chap 288. In: 
Mandell GL, Bennetts JE, Dolin R, editors. Mandell, Douglas & Bennett's principles & 
practice of infectious disease. 6. Philadelphia, PA: Churchill Livingstone; 2004. pp. 
2666– 2675.

8.  Klastersky J. Science & pragmatism in  the  treatment and  prevention of neutropenic 
infections. J Antimicrob Chemother. 1998;41(SupplD):13–24.

9. Prakas Kumar Mandal, Suman Kumar Maji, Tuphan Kanti Dolai, Indian J Hematol 
Blood Transfus. 2015 Mar; 31(1): 46–50. Published online 2014 May 4. Bodey GP, 
Buckley M, Sathe YS, Freireich EJ. Quantitative relationship between circulating 
leukocytes and infection in patients with acute leukemia. Ann Intern Med. 
1966;64(2):328–340. 

10. Bodey GP, Buckley M, Sathe YS, Freireich EJ. Quantitative relationship between 
circulating leukocytes and infection in patients with acute leukemia. Ann Intern Med. 
1966;64(2):328–340. doi: 10.7326/0003-4819-64-2-328

11. Cometta A, Zinner S, de Bock R, Calandra T, Gaya H, Klastersky J, et al. Piperacillin-
tazobactam plus amikacin versus ceftazidime plus amikacin as empiric therapy for fever 

Volume - 11 | Issue - 08 | August - 2021 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar



in granulocytopenic patients with cancer. Antimicrob Agents Chemother. 
1995;39(2):445–452. 

12. Cometta A, Calandra T, Gaya H, Zinner SH, de Bock R, Del Favero A, et al. 
Monotherapy with meropenem versus combination therapy with ceftazidieme plus 
amikacin as empiric herapy for fever in granulocytopenic patients with cancer. The 
International Antimicrobial Therapy Cooperative Group of the European Organization 
for Research and Treatment of Cancer and the Gruppo Italiano Malattie Ematologiche 
Maligne dell'Adulto Infection Program. Antimicrob Agents Chemother. 
1996;40(5):1108–1115.

13. Cordonnier C, Pico JL, Gardembas M, Gardembas M, Delmer A, Delain M, et al. 
Cefepime/amikacin versus cefatzidime amikacin as empirical therapy for febrile 
episodes in neutropenic patients: a comparative study. Clin Infect Dis. 
1997;24(1):41–51.

14. Glauser M, Boogaerts M, Cordonnier C, Palmblad J, Martino P. Empiric therapy of 
bacterial infections in severe neutropenia. Clin Microbiol Infect. 1997;3(s1):77–86. 

15. Dae Yong Kim, Yoon-Seon Lee, Shin Ahn, Yeon Hee Chun, Kyung Soo Lim etal.The 
Usefulness of Procalcitonin and C-Reactive Protein as Early Diagnostic Markers of 
Bacteremia in Cancer Patients with febrileNeutropenia.ResTreat. 2011Sep; 
43(3):176180. 2011Sep.  

16. Mohsen Meidani, Farzin Khorvash, Hojat Abolghasemi etal .Procalcitonin and 
quantitative C-reactive protein role in the early diagnosis of sepsis in patients with 
febrile neutropenia South Asian J Cancer. 2013 Oct-Dec; 2(4): 216–219.  

17. Purkayastha K , Seth R, Amitabh S, Xess I, Kapil A, Sreenivas V (2016) To Determine 
the role of Procalcitonin  in Febrile Neutropenic Episodes of Children Undergoing 
Treatment for Childhood Cancers, J Clin Case Rep 6:805. 

18. Meichun Tan ,Yunxia Lu, Liandong Zhang etal.  The diagnostic accuracy of
procalcitonin and C-reactive protein for sepsis: A systematic review and meta-analysis,J 
cellular biochemistry. 11 November 2018.  

19. Liliana Simon, France Gauvin, Devendra K. Amre, Patrick Saint-Louis, Jacques 
Lacroix, Serum Procalcitonin and C - reactive protein Levels as Markers of Bacterial 
Infection: A Systematic Review and Meta-analysis, Clinical Infectious Diseases, 
Volume 39, Issue 2, 15 July 2004, Pages 206–217. 

20. Arif, T, Phillips, RS. Updated systematic review and meta-analysis of the predictive 
value of serum biomarkers in the assessment and management of fever during 
neutropenia in children with cancer. Pediatr Blood Cancer. 2019; 66:e27887.  

21. Shin, Lee, Yoon-Seon,Lim,Kyung,Lee,Jae-Lyun. Adding procalcitonin to the MASCC 
risk-index score could improve risk stratication of patients with febrile neutropenia. 
Supportive care in cancer: ofcial journal of the Multinational Association of 
Supportive Care in Cancer 2013/03/22 VL-21-10.1007/s00520-013-1787-6.

22. Uys A, Rapoport BL, Fickl H, Meyer PW, Anderson R (2007) Prediction of outcome in 
cancer patients with febrile neutropenia: comparison of the Multinational Association of 
Supportive Care in Cancer risk-index score with procalcitonin, C-reactive protein, 
serum amyloid A, and interleukins-1beta, -6, -8 and -10. Eur J Cancer Care (Engl) 
16:475–483.

 INDIAN JOURNAL OF APPLIED RESEARCH 29

Volume - 11 | Issue - 08 | August - 2021 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar


