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Chapterr 4 

Abstrac t t 
Enterocolitiss in oncology patients remains an important complication with poor insight in 

microbial,, pathological and inflammatory aspects. 

Pediatricc oncology patients admitted with neutropenic fever, who developed abdominal pain 

andd diarrhea, were monitored with rectal biopsies, cultures, and inflammatory markers. 

Twenty-fivee patients were included (mean age 7.1 years). Eight patients (32%) needed intensive 

caree treatment, 3 (12%) patients died. Gram-positive bacteraemia was diagnosed in 4 patients 

(16%).. Most patients had negative blood and stool cultures. Predictors of a severe clinical 

coursee of the enterocolitis were an increased serum IL-8 (>1000 pg/mL) and an increased 

serumm CRP (>150 mg/L), both measured on the first day of clinical illness. Relative risks for 

admissionn to ICU were 11.3 (95% CI 1.6 to 77.9) for elevated IL-8 and 6.4 (95% CI 0.92 to 

45.1)) for increased CRP, Rectal biopsies and pathology could not predict outcome (p=0.22). 

ILn88 analysis at the onset of enterocolitis symptoms can identify high-risk patients, which might 

bee used clinically to design future intervention trials. 

1.. Introductio n 
Neutropenicc enterocolitis represents a complex spectrum of inflammatory processes of the 

colonn seen in immunocompromised hosts after intensive chemotherapy for malignancies. It 

rangess from pseudo-membranous colitis caused by Clostridium difficile to typhlitis [1-3]. The 

clinicall picture ranges from mild infection to severe transmural colitis with a high mortality-rate 

(50-100%)) [4]. Neutropenic enterocolitis was initially defined as a clinical-pathological entity 

throughh retrospective review of autopsy findings in leukaemic patients first described by Cooke 

inn 1933 [5]. The main causative organisms are Gram-negative bacilli, mainly Pseudomonas 

aeruginosaaeruginosa and Escherichia coii, followed by Clostridium difficile, Clostridium septicum and 

fungall pathogens [6]. The pathogenesis of this disorder is thought to be due to a multifactorial 

disruptionn of the mucosal barrier, in which the bacterial flora, neutropenia and cytotoxic therapy 

playy a role. The invasive infection leads to ischaemia followed by necrosis of the various layers 

off the bowel wall. Although the process may have a pre-dilection for the terminal ileum and 

caecumm any segment of the bowel can be involved [7,8]. 

Prognosticc inflammatory markers in neutropenic enterocolitis have not been defined to date. 

Manyy studies have however evaluated prognostic inflammatory markers in patients with fever 

inn neutropenia irrespective of any symptoms of an impending enterocolitis [9-11 ]. Low serum 

IL-88 levels at the onset of fever can define a low-risk subgroup of neutropenic patients who can 

safelyy be treated with antibiotic monotherapy instead of combination therapy [12]. In similar 

terms,, Bont et al could define a low-risk group at the start of fever by the use of IL-8 and IL-6 as 

plasmaa parameters: the IL-8 and IL-6 plasma concentration were significantly increased in patients 
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withh chemotherapy-related neutropenia and fever due to bacteremia (mainly Gram-negative 

bacteremia)) compared to fever of non-bacterial origin [10,13]. 

Inn neutropenic enterocolitis both toxic and ischemic bowel injury may play an important role^ 

Thee response of the inflammatory cascade to pathogens attacking the gastro-intestinal mucosa 

involvess mainly the cytokines 1L-6, \LS, IL-10 and TNF-« [14]. The role of these cytokines may be 

importantt in the pathophysiology of the inflammatory responses in neutropenic enterocolitis in 

childrenn [11,15]. 

Thereforee a prospective single unit study was started to identify the incidence of enterocolitis in 

aa pediatric oncology unit to gain insight in the pathogenetic mechanisms, and to identify 

clinicall and inflammatory prognostic markers. 

2.. Method s 
2.11 Patien t selectio n 

Entryy criteria were neutropenic pediatric oncology patients who had abdominal pain, diarrhea 

andd fever for more than 24 hours. Neutropenia was defined as <500 cells/mm3 absolute 

neutrophils.. Diarrhea was defined as having at least grade 2 diarrhea {4-6 times in 24 hours 

correlatingg to the CTC toxicity criteria). Fever was defined as a temperature C All types 

off malignancies were included. 

Thee study was performed in a single pediatric oncology unit Approval from the medical ethics 

committeee was obtained. Informed consent was obtained from the parents and from the child 

iff >12 years of age. 

2.22 Patien t analyse s 
Onn the first day of the study: 1) history and clinical checklist 2) physical examination 3) stool 

culturess 4) rectal biopsy 5) blood investigations and 6) serum levels of inflammatory markers. 

Onn day 3 and day 7 above investigations were repeated. The rectal biopsy was repeated if 

findingss on day 1 were abnormal. The next course of chemotherapy started when all abnormal 

findingss had normalized. 

AdAd 1). History and clinical checklist. The food intake of the week before onset of symptoms was 

recordedd as well as medication before onset of symptoms. Clinical signs and symptoms of the 

illnesss (abdominal pain, nausea, diarrhea, blood loss and pattern of fever) were recorded. 

Definitionss used: Fever normalized within 48 hours was classified as "short duration", fever 

whichh continued >48 hours Was classified as "long duration" and if fever spiked above C 

everyy 24 hours, and the temperature normalized in between this was classified as "spiking". 

Abdominall pain was classified as "cramps", "stool related", or "continuous", and the frequency 

off vomiting was recorded. Stools were recorded as "bloody stools" or as "watery frequent". 

AdAd 2). Physical examination. State of consciousness, respiratory rate, hypotension, abdominal 
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distension,, bowel sounds, mucositis, any other clinically important abnormalities were reported. 

Mucositiss was recorded as present when there were oral lesions in thé mouth. The clinicians 

scoringg the history and physical examination were blinded for the inflammatory marker results 

andd the results of the biopsy findings. 

AdAd 3). Stool cultures. Stool cultures were performed for bacteria, viruses, parasites, and fungi, 

usingg routine microbiological procedures. Faeces was tested for Clostridial cytotoxin. Detection 

off C. difficile was performed as follows. Faeces was tested by enzyme immuno-assay (Premier™ 

Toxinss A&B, Meridian Bioscience, Ohio) to detect C.difficile toxins A and B. For culture faeces 

wass pretreated by mixing with ethanol 96% during one hour. Cdiffia'le-Wke colonies were 

identifiedd using standard microbiological procedures. 

AdAd 4). Rectal biopsy. Rectal mucosal biopsies were taken by an experienced pediatric 

gastroenterologist.. This was performed by a flexible adult sigmoidoscope which was introduced 

noo more than 15 cm, no anesthetics were needed; in smaller children conscious sedation was 

givenn 30 minutes before the procedure. The procedure was only done when the platelets were 

abovee 50 x 109/L. If the platelets were <50 x 1Q9/L then a platelet-transfusion was given 30 

minutess prior to the procedure. Insight was gained in the macroscopic and the microscopic 

aspectss of the rectal mucosa. Microscopically four categories were distinguished in order of 

increasingg severity: "no changes", "infiltrate only", "pseudomembranes" and "ulcerative changes 

withh fibrin exudate". The diagnosis of C difficile-related disease was made if 2 out of 3 of the 

followingg findings were included: pseudomembranes on biopsy, toxin-positivity in the stools 

and/orr a positive culture of 'C. difficile either in the blood or stools. 

AdAd 5). Blood investigations. Full blood count, CRP, liver-enzymes, creatinin, viral serology and 

blood-culturess were performed, according to standard laboratory pocedures. 

AdAd 6). Inflammatory markers. C-reactive protein (CRP) was measured in blood. This assay was 

performedd as described by Wolbink et al. [16] using anti-CRP mAb KH61 (2 mg/ml) as the 

coatingg mAb, and biotinylated anti-CRP mAb 5G4 to detect bound CRP. IL-6, IL-8, 1L-10 and 

TNFaa concentrations were analyzed using commercially available ELISA's with detection limits 

off 3.0 pg/mL, 15.0 pg/mL, 15 pg/mL, and 5.0 pg/mL, respectively (Central Laboratory of the 

Netherlandss Red Cross Blood Transfusion Service (CLB), Amsterdam, The Netherlands). 

3.. Statistic s 
Too compare the Intensive Care Unit (ICU) group versus the non-ICU group the Mann Whitney U 

testt was used on the continuous data and the chi-square test for categorical data; if the expected 

numberr of patients was below five in one of the cells we performed a Fisher exact test. 

Too examine the prognostic value of elevated inflammatory markers we used both cut-offs mentioned 

inn the literature (for IL-8 above 1000 pg/mL [10], CRP above 150 mg/L [11]) and optimal cut-offs 

fromm the data were calculated using the YoUden index (sensitivity + specificity -1) as criterion. To 

estimatee the predictive value of increased inflammatory parameters we calculated relative risks 
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wi thh 95% confidence intervals (CI). All reported 

p-valuess are two-sided. 

4.. Result s 
4.11 Patien t characteristic s 

Overr a 3-year period (November 1998 until 

Januaryy 2002); 452 new patients wi th 

oncologicall disorders were admitted to the 

unit.. Of these 25 patients fulfilled the entry 

criteriaa of the study and were included, 15 were 

malee and 10 were female. The diagnoses at 

presentationn showed 11 hematological 

disorderss (ALL/ANLL), 4 B-cell lymphoma's, 9. 

solidd tumors and 1 hemophagocytic syndrome. 

Thee mean age at diagnosis was 7.1 years 

(rangee 1.0-17.1 years). Enterocolitis presented 

inn most cases within the first 3 months after 

diagnosiss and the start of chemotherapy. 

Thee clinical symptoms are summarized in Table 

1.. The vast majority of patients had signs of 

mucositiss (92%), 40% of patients had less than 

488 hours of fever and 60% had fever >48 hours. 

Thee stool pattern was recorded as "watery and 

frequent"" in 60% of patients and in 28% of 

patientss "bloody diarrhoea" was recorded. The 

abdominall pain was classified as "cramps" in 

72%% of patients, and 24% of patients had 

continuouss pain. 

Off the 25 patients, 8 were admitted to the 

ICUU due to cardiovascular symptoms for which 

inotropicc support was indicated. Of these 

patientss five did not have a proven bacteremia. 

Threee died following the enterocolitis episode, 

evenn though these patients received adequate 

antibioticc coverage and extensive inotropic 

support.. The first patient with a hemo-

phagocyticc syndrome had pseudomembranous 

Tablee 1: Patient characteristics 

NN (%) 

Sex:: Male 15 (60%) 
Femalee 10 (40%) 

Diagnosis: : 
Haematological l 
Lymphoma a 
Solid d 
Haemophagocytiee syndrome 

GVC: : 
PAC C 
Broviac c 
NOCVC C 

Clinicall parameters: 
Fever: Fever: 

<488 hours 
Longg and spiking 
Longg and continuous 

Diarrhea: Diarrhea: 
Wateryy and frequent 
Bloody y 
Other r 

AhdominalAhdominal pain: 
Cramps s 
Stooll related 
Continuouss pain 

Mucositis: : 
Yes s 
No o 

Vomiting: Vomiting: 
<4x/244 hours 
>4x/244 hours 
noo vomiting 

Pathologyy results: 
Noo changes 
Infiltratee only 
Pseudomembranes s 
Ulcerativee changes 

Outcome: : 
ICUU admission 
Mortality y 

11 1 
4 4 
9 9 
1 1 

12 2 
10 0 
3 3 

10 0 
6 6 
9 9 

15 5 
7 7 
3 3 

18 8 
1 1 
6 6 

23 3 
2 2 

11 1 
2 2 

12 2 

12 2 
9 9 
3 3 
1 1 

8 8 
3 3 

(44%) ) 
(16%) ) 
(36%) ) 
(( 4%) 

(488 %) 
(400 %) 
(12%) ) 

(400 %) 
(244 %) 
(366 %) 

(600 %) 
(288 %) 
(12%) ) 

(722 %) 
(( 4%) 
(244 %) 

(922 %) 
(( 8%) 

(44%) ) 
(( 8%) 
(48%) ) 

(48%) ) 
(36%) ) 
(12%) ) 
(( 4%) 

(32%) ) 
(12%) ) 

CVC== central venous catheter, PAC = port-a-cath 
internall CVC device, 8roviac= external CVC device. 
Pathologyy results are ranked to severity. In the 
outcomee the Intensive Care Unit {=ICU) admission is 
described,, and mortality due to enterocolitis. 
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colitiss due to C. difficile, she underwent surgical resection of an ischemic part of the bowel but 

herr condition deteriorated and she died. The 2 other patients suffered from acute myeloid 

leukemia,, and had positive blood cultures at the time of colitis {Candida tropicati$ and 

StaphylococcusStaphylococcus aureus). They both deteriorated rapidly and died, despite appropriate antibiotic 

coveragee and inotropic support. In all patients cardiomyopathy was excluded by 

echocardiography. . 

4.22 Etiolog y 
Microbiologicall results are shown in Table 2. A variety of organisms were cultured but most 

stooll and blood cultures remained negative {76% and 68%, respectively). Four patients had a 

Gram-positivee bacteremia, none of these patients had a positive stool culture. One patient had 

ann adenovirus in the feces, the blood culture remained negative, 2 patients had protozoa in the 

feces,, one of these patients also had a Gram-negative bacteremia {Klebsiella spp). Only 2 patients 

hadd C difficile in the stool culture and 1 of these patients had a positive blood culture with C 

Tablee 2: Mteobiological results 

Organis m m N=2S S 

Stoo ll  culture ' 

Blood-culture * * 

Bacterial l 
-- Gram-pos 
-- Gram-neg 
Parasitic c 

Viral l 
Negative e 

Bacterial l 
-- Gram-pos 

-- Gram-neg 

Fungal l 
Negative e 

ClostridiumClostridium difficile 
KlebsiellaKlebsiella spp. 
CryptosporidiumCryptosporidium parvum 
AscarisAscaris lumbricoldes 
Adenovirus Adenovirus 
--

Strep,Strep, sanguis 
Staph,Staph, aureus 
Coagulase-neg.Coagulase-neg. Staphylococcus 
ClostridiumClostridium difficile 
KlebsiellaKlebsiella spp. 
EscherichiaEscherichia coli 
CandidaCandida tropicalis 

2 2 
1 1 
1 1 
1 1 
1 1 

19 9 

17 7 

** Stool and blood culture results obtained during the same study period. 

difficiledifficile (the same strain was found in the blood-culture as in the stool-culture). In 3 patients 

CdifficileCdifficile toxin stool tests were positive. 

Histologicall examination of the rectal biopsies resulted in "no changes" in 12 patients (48%), 

"infiltratee only" without pseudomembranes in 9 patients (36%), " pseud ome m bra nes" in 3 

patientss (12%) and 1 patient had "ulcerative changes" with fibrin exudates (4%). 

Overalll in 4 patients (16%) two out of three parameters for C. oV/f/d/e-positive colitis were 

foundd to be positive. 
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Too explain the low rate of C. difficile positive-colitis we analyzed the use of intravenous antibiotics 

priorr to study inclusion. 19 patients (76%) had received i.v. antibiotics prior to the rectal biopsy 

(meann of 5.5 days), these antibiotics were administered because of fever in neutropenia of 

whichh 13 patients (52%) had been pretreated with vancomycin (Fig.1). Whereas none of these 

patientss pretreated with vancomycin were C difficile-positive, 5 patients of this group showed 

abnormall rectal biopsies. The pathological changes, the negative stool-cultures and the relative 

smalll number of positive blood-cultures suggest a multifactorial etiology of neutropenic 

enterocolitis. . 

patients s 

19 9 
antibiotics s 

4 4 
abnormall biopsy 

11 Clostridium 
difficile-positivee colitis 

6 6 
otherr antibiotics 

4 4 
abnormall biopsy 

11 Clostridium 
difficile-positivee colitis 

13 3 
vancomycin n 

5 5 
abnormall biopsy 

noo Clostridium 
difficile-positivee colitis 

Fig.. 1: Intravenous use of antibiotics at the start of the study and biopsy results The chart shows the 
numberr of patients pretreated with antibiotics, the rectal biopsy and Clostridium test results. 

4.33 Prognosti c factor s 

Too identify possible factors predictive of the clinical course we used admittance to ICU with 

needd for inotropic support during the enterocolitis episode as our primary endpoint. 

4.3.11 Clinica l parameter s 

Patientss included in the ICU group were 3 patients with ANLL, 3 patients with Burkitt lymphoma, 

onee patient with high risk leukemia, and one patient with a hemophagocytic syndrome. In the 

non-ICUU group there were 3 patients with ANLL, 1 Burkitt lymphoma, 4 patients with leukemia 

andd 9 solid tumors. There was no difference in chemotherapy used between the two groups. 

Thee chemotherapy used in both groups included high dose cytosar, daunorubicin, etoposide, 
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Tablee 3; Clinical risk factors for admittance to ICU 

Numberr of patients (25) 
Clinicall findings 
-- Abdominal pain: 

Cramps s 
Stooketated d 
Continuous s 

-- Diarrhea*: 
Wateryy frequent 
Bloody y 
Other r 

-- Fever: 
Shortt and continuous 
Longg and spiking 
Longg and continuous 

-- Mucositis: 
Yes s 
No o 

Bloodd culture 
Gram-positive e 
Gram-hegative e 
Fungal l 
Anaerobe e 
CII toxin positive 

Rectall biopsy 
-- Infiltrate only 
-- Pseudornembranes 
-- Ulcerative changes 
-- No changes 

Laboratoryy findings 
mediann (IQR) 

-WBC C 
-- Platelet count 
-SGOT T 
-- creat 

inflammatoryy parameters 
mediann (IQR) 

-CRPP (day 1) 
(dayy 3) 
(dayy 7) 
-IL^8(dayy 1) 
(dayy 3) 
(dayy 7) 

8 8 

4 4 
1 1 
3 3 

4 4 
4 4 
Q Q 

0 0 
3 3 
5 5 

8 8 
0 0 

1 1 

1 1 
1 1 
2 2 

2 2 
2 2 
1 1 
3 3 

0.255 x 10 YL 
399 x 10 VL 

455 U/L 
266 mg/L 

2399 mg/L 
1600 mg/L 
855 mg/L 

28822 pg/nrtL 
3933 pg/mL 
2211 pg/mL 

CU U 

(32%} } 

(( 50%) 
(12.5%) ) 
(( 37.5%) 

(( 50%) 
(( 50%) 
(( 5%) 

(( 0%) 
(( 37.5%) 
(( 62.5%) 

(100%) ) 
(( 0%) 

(25%) ) 
(25%) ) 
(( 13%) 
(37%) ) 

(0.1-G.52) ) 
(22^8) ) 
(( 6-44) 
(16-35) ) 

(2399 -292) 
(( 82-212) 
(( 10-219) 
(1228-4536) ) 
(( 157-1708) 
(( 11.6-430) 

Non-ICU U 

17 7 

14 4 
0 0 
3 3 

12 2 
3 3 
2 2 

10 0 
3 3 
4 4 

15 5 
2 2 

4 4 
1 1 

1 1 

7 7 
1 1 
0 0 
9 9 

0.30x100 VL 
322 x 10 VL 

177 U/L 
244 mg/L 

1188 mg/L 
755 mg/L 
244 mg/L 

1466 pg/mL 
411 pg/mL 
311 pg.mL 

(68%) ) 

(82%) ) 
(( o%) 
(18%) ) 

(70%) ) 
(18%) ) 
(12%) ) 

(59%) ) 
(18%) ) 
(23%) ) 

(88%) ) 
(12%) ) 

(41%) ) 
(( 6%) 
(( 0%) 
(53%) ) 

(0.2-0.5) ) 
(14-83) ) 
(11-25) ) 
(18-37) ) 

(85*188) ) 
(27-146) ) 
(6.3-72) ) 
(66.7-213.5) ) 
(30.5-113) ) 
(15-33) ) 

P-value e 

p=0.15 5 

p=0.34 4 

p=0.15 5 

p=Q.34 4 

p=0.22 2 

p=0.39 9 
p=0.79 9 
p=0.59 9 
p=0,97 7 

prednisonee and methotrexate. Abdominal pain, stool pattern, amount of vomiting and mucositis 

betweenn the ICU and the non-ICU group were compared and no significant difference between 

thee two groups was found. The pattern of fever however did show a difference, if fever was 

groupedd in 2 categories, (fever <48 hours after onset of the enterocolitis, and fever>48 hours 

afterr onset colitis) In the ICU group 5 out of 8 patients (63%) had fever >48 hours compared to 

44 out of 17 patients (23%) in the non-ICU group, this was borderline significant (p=0.056). In 

thee original classification, in 3 categories no significant difference was found between the 2 

groupss (Table 3). 
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Figg 2: Scatter plot of CRP values on day 1 in ICU and Fig 3: IL-8 results comparing the ICU and the non-
non-ICUU patients. Horizontal line indicates the median ICU group. A scatter plot is presented. The horizontal 
valuee line indicates the median value. 

4.3.22 Microbiologica l results , recta l biops y and othe r laborator y result s 

Bothh stool and blood cultures did not show a significant different pattern in the ICU group 

comparedd to the non-ICU group. The white cell count and platelet count, liver functions and 

renall function were also not significantly different in both groups. The histopathological results 

inn both groups were not significantly different either (Table 3). 

4.3.33 Inflammator y marker s 

Off the evaluated inflammatory serum markers CRP and IL-8 showed a significant difference 

betweenn the 2 groups (Fig. 2 and 3). The median CRP level in the ICU and the non-ICU group 

wass 239 mg/L (Interquartile range IQR 193 to 292 mg/L) versus 88.2 mg/L (IQR 119-187 mg/ 

L),, respectively (p=0.023).There was however overlap between the two groups (Fig. 2). At a 

cut-offf level of 150 mg/L ([11], ROC cut-off 190 mg/ml), 7 out of 8 ICU patients had a high CRP 

comparedd to 6 out of 17 patients in the non-ICU group. Patients with a CRP > 150 mg/L had a 

6.44 times higher chance of developing a severe enterocolitis compared to patients with a 

CRP<1500 mg/L, (95%CI 0.92-45.1). Using the ROC cut-off level of this cohort of patients (190 

mg/L)) the chance of ICU admission was 10.5x higher (95% CI 1.5-72.8) compared to patients 

withh a CRP<190mg/L 
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Tabl ee 4: IL-S as prognostic tool in neutropenic IL-8>100 0 pg/mL IL-8 <1000 pg/mL 
enterocolitis s 

ICUU 6 * 1 7 
Non-ICUU 2 14 16 

88 15 23 

** All 3 patients who died were found in this group. Relative Risk 11.3 (95% CI 1.6-77.9) (There are 2 missing 
values.},, If the ICU missing IL-8 value was <1000 pg/mL and the missing IL-8 value in the non ICU group was 
>10000 pg/mLthen RR 5.2, If the IL-8 value missing in the ICU group is>1000 pg/mLand the IL-8 value in the 
nonn ICU group is <1000 pg/mL then RR 12.8 

Thee IL-6 levels in both groups were extremely low (the cut-off value of IL-6 at 250 pg/ml was 

nott reached [11 ]). The mean in the ICU group was 108 pg/mL and in the non-ICU group 32 p g / 

mL.. In non-neutropenic patients wi th sepsis the values of IL-6 are at least 1000- 10.Q00 fold 

higher.. Because of these extreme low values of IL-6 statistics on this parameter was not allowed. 

IL^SS levels measured on day 1 correlated most significantly wi th outcome (Fig 3). On day 1, the 

mediann value in the ICU group was 2882 pg /mL (IQR 1228-4536 pg/mL) and the median in the 

non-ICUU group was 146 pg/ml (IQR 667-213 pg/mL) (Fig 3; p=0.0Ql). Two data points are 

missing;; one in each group. IL-8 was not measured at that time-point. Using a cut-off value of 

10000 pg/mL(Ref 10 ROC cut-off 980 pg/mL) 6 out of 7 patients were found to have a high IL-

88 in the ICU group compared to 2 out of 16 patients in the non-ICU group. The risk of ICU 

admittancee was 11.3 times ((95 % CI 1.6-77.9)higher in the elevated IL-8 group than in the 

non-ICUU group. All 3 patients who died had IL-8 >1000 p g / m L 

Thee longitudinal data showed a decrease in level of IL-8 and CRP, but not a normalization 

wi th inn 48 hours (see Table 3). All other inflammatory markers were not significantly different 

betweenn both groups. Values o f 1L-10 were extremely low (<15 pg/mL) and did not show any 

correlationn wi th outcome. It was noted that there was no rise of TNF-a in any patient at any 

time-pointt (<5 pg/mL), 

Discussio n n 
Thee annual incidence of enterocolitis in our single pediatric oncology unit is estimated at 4-6% 

off newly diagnosed patients over this 3 year period. In review articles the annual incidence 

rangess from 12-46% [17-19] . Of the included patients only 16% had a C difficile positive-

colitis.. The carriage rate of C. difficile in oncology patients is 15-30%. 70% of these patients will 

showw signs of clinical illness [20,21]. The low percentage of Clostridium-positive colitis in our 

seriess can be explained by the fact that 19 out of 25 patients (76%) were pretreated with 

antibioticss of which 13 patients (52%) had received vancomycin prior to rectoscopy (Fig.1). 

Howeverr in this group 5 patients (38%) still showed pathological changes by rectoscopy, which 

indicatess that these patients may develop colitis in spite of adequate antibiotics. This illustrates 

thatt a variety of factors are involved in causing and modulating mucosal barrier injury, including 
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thee chemotherapy given, the elaboration of pro-inflammatory and other cytokines, such as 

endotoxinss across the mucosal barrier, translocation of the resident microflora and their products, 

andd the exposure to antimicrobial agents [8], 

Inn the older literature the severe enterocolitis was mainly seen in hematological malignancies 

[22,23],, but with the general intensification of chemotherapy it has been more common to 

findd these enterocolitis entities in both solid and hematological malignancies [24]. These findings 

weree confirmed in this study: 44% of the patients had a hematological malignancy and 52% 

hadd a solid tumor. 

Microbiologicall studies revealed bacteremia in 24% of the patients: of these cultures 57% 

showedd growth of Gram-positive organisms, 29% Gram-negative organisms, and 14% fungai 

organisms.. Katz et al [23] reported bacteremia in 84% of patients and fungemia in 16%. One 

possiblee explanation for a lower incidence of bacteremia in this unit is that all patients were 

startedd on selective decontamination of the intestinal tract shortly after chemotherapy. Another 

explanationn might be that with special techniques to detect cell-wall deficient strains more 

(aboutt 5%) episodes of bacteremia might be detected [25], 

Thee main aim of the study was to identify patients likely to develop a severe enterocolitis. The 

clinicall symptoms diarrhea, abdominal pain and, mucositis showed no significant difference 

betweenn the ICU and the non-ICU group. This is also described in the literature [7]. The pattern 

off fever has low prognostic value in the sense that the ICU group had more 'long and continuous 

fever'' than thé non-ICU group. 

Thee rectal biopsy findings did not contribute to treatment decisions, it was shown that the 

findingss of pseudomembranes on rectal biopsy correlated fully with C difficile toxin positivity 

orr culture positivity. None of the patients had any complications after the procedure and all 

patientss did not experience the procedure as painful. Because the yield was so low we would 

nott recommend to perform this procedure in future trials, although it might warrant to look at 

inflammatoryy parameters in rectal dialysate instead. Routine laboratory investigations could 

nott distinguish the severe cases from the less severe cases. Sloas et al [26] who investigated 24 

confirmedd cases of typhlitis retrospectively also reported that routine laboratory investigations 

weree not informative, imaging was not included in the study. Most of the patients had an 

abdominall ultrasound performed on day one and in most of these ultra sounds widened bowel-

loopss were found and thickened bowel wall. However this was not scored accurately or 

prospectivelyy validated therefore this was not included as outcome measure, this should be 

consideredd in future trials as bowel wall thickening is becoming a diagnostic tool [27,28]. 

Thee inflammatory parameters in the present study showed that CRP and IL-8 were of prognostic 

value.. The extent and course of serum concentrations of IL-8 and IL-6 in the patients with colitis 

symptomss were significantly different from those seen in septic conditions in non-neutropenic 

childrenn [29], In non-neutropenic patients concentrations of IL-8 are at least 10-100 fold higher, 

andd the IL-6 levels are at least 100-1000 fold higher [29], IL-8 used at a cut-off point of 1000 
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pg/mL,, was found to be a strong prognostic factor. Although decreasing over time, the IL-8 

levelss in our patient cohort did not normalize within 24-48 hours after administering intensive 

caree treatment and support as is usually observed in children with non-neutropenic sepsis. 

Althoughh the chemotactic activity towards neutrophils is the most important function of IL-8, 

wee know that in these patients neutrophils are missing and also absent in the extravascular 

tissues.. Taken together, these data indicate that IL-8 in neutropenic patients is less likely derived 

fromm enterocytes and myeloid cells, but from tissue cells such as endothelial cells, and fibroblasts 

[15,30].. The chronic low flow and hypoxia prone situation is not impossible as a contributing 

factorr for endothelial cell-induced IL-8 generation. This might be mediated by hypoxia-sensitive 

AP-11 and NF-kB-like binding sites in the IL-8 promoter site. In such patients, a role for IL-8 as an 

angiogenesis-regulatingg factor may be more important. Strikingly the IL-6 values were found to 

bee low. The role of IL-6 remains unclear, although IL-6 is a multifunctional cytokine regulating B 

andd T cell function and the acute phase response [3.1 ], neither prolonged fever nor CRP levels 

correlatedd with serum IL-6. 

Withh this possible pathophysiological mechanism in mind, we hypothesize that the IL-8 increase 

seenn in our patients reflects the extent of damage of the intestinal wall, and could therefore 

predictt the severity of the disease. For the daily clinical practice, we would strongly advise to 

initiatee early aggressive supportive care in neutropenic patients with abdominal cramps and 

diarrheaa in whom IL-8 levels are elevated, of course, the measurement of such inflammatory 

parameterss may very much depend on the assay used and will require further standardization. 

Thee supportive care thought of would be starting inotropic support on the first day like dopamine 

att a dose of 5 jigr/kg/min to increase the gastro-intestinal blood-flow. Future intervention trials 

shouldd concentrate on the use of granulocyte-transfusions, enterocyte-healing factors such as 

EGFF and anti-inflammatory factors. 
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