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ABSTRACT 

Objectives: The incidence, risk factors and mortality of veno-occlusive disease 

(VOD) were identified for pediatric hematopoietic stem cell (HSC) transplant 

recipients with a mixture of solid tumours, hernatological malignancies and non- 

malignant diseases. 

Methods: A historical cohort of 142 HSC transplants from January, 1993 to 

June, 2000 was assessed by chart review. Risk factors for the development of 

VOD were assessed with logistic regression and stepwise multiple regression 

model building. Mortality was compared with a Kaplan-Meier survival curve. 

Results: The 142 HSC transplants were performed in 115 patients with 

malignant and 17 patients with non-malignant diseases. The incidence of VOD 

was 18.3% (261142 transplants). Multivariate analysis confirmed that pre- 

transplant risk factors, induction chemotherapy with busulfan and transplantation 

with matched unrelated donor cells, were significant risk factors for the 

development of VOD with odds ratios and 95% confidence intervals of 3.85 

(1 -26, 11 30) and 6.53 (1.47, 28.96) respectively. In addition, positive CMV 

serology and TPN provided in the 30 days prior to transplant were new risk 

factors identified with odds ratios and 95% confidence intervals of 3.03 (1.13, 

8.13) and 3.40 (1.17, 9.86) respectively. Mortality in transplant patients at 100 

days was 10126 in the VOD positive group and 1111 16 in the VOD negative group 

(p=O.OOl). 



Conclusions: The incidence of VOD (18.3%) in this mixed pediatric HSC 

transplant population was in the mid-range compared to previous studies. 

Positive CMV serology and TPN provided pre-transplant were identified as two 

new risk factors for the development of VOD. VOD is a major hepatic 

complication of HSC transplantation in pediatric patients and is associated with a 

poorer 100-day survival compared to patients that did not develop this 

complication. 
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CHAPTER ONE: INTRODUCTION 

1.1 Introduction to the Research Problem: 

Veno-occlusive disease (VOD) is a hepatic complication of hematopoietic 

stem cell (HSC) transplantation. It is the third leading cause of death in HSC 

transplant patients in the immediate post-transplant period. There is no proven 

efficacious therapy once VOD develops other than supportive care. The mortality 

fiom VOD ranges from 10% to 40% in the pediatric HSC transplant populations. 

Previous attempts to identify potential risk factors for the development of VOD 

were only done in fairly homogeneous pediatric populations with either 

particularly defined induction chemotherapy regimens or similar underlying 

conditions. Accordingly, these studies are not readily generalizable to any mixed 

population of pediatric HSC transplant patients. There are nine previous pediatric 

studies in the published literature regarding this disease, which highlights the 

paucity of information in this area (1 -8,17). 

1.2 Purpose of the Study: 

Children who receive hematopoietic stem cell transplants are at risk for 

many complications. One of these complications is veno-occlusive disease. This 

study investigated the incidence of VOD, potential risk factors for the 

development of VOD in the pediatric HSC recipient population and 100-day 

survival analysis post-transplant. This was done so that patients at high-risk for 

veno-occlusive disease hereafter may be identified and to aid future development 

of a prophylactic regimen for VOD. 



1.3 Significance: 

Veno-occlusive disease is a major complication of hematopoietic stem cell 

transplantation with an occurrence rate of 1.2% to 28% and a mortality rate of 

10% to 40% in children (1 -8). A diagnosis of VOD is made according to the most 

widely used clinical tool, the Seattle criteria, which requires two of the following 

three criteria to be fulfilled; jaundice or bilirubin level greater than 34 micromoles 

per litre (pmolIL), hepatomegaly or right upper quadrant (RUQ) pain of liver 

origin and sudden weight gain of greater than 5% above baseline due to fluid 

accumulation or ascites. As well, any other more likely explanation(s) for the 

above signs and symptoms needs to be ruled out at the time of diagnosis (9). This 

study determined possible risk factors for the development of veno-occlusive 

disease in a pediatric population of hematopoietic stem cell recipients. Most prior 

studies that investigated VOD have been adult studies that had only a minority of 

pediatric patients that were not analysed separately (1,lO-16,18-20). Previous 

studies that investigated VOD only in children are few (1 -8,17). 

Proper identification of risk factors for VOD will not only aid in early 

recognition of high-risk patients, but will also subsequently assist in the 

development of a rational prophylactic regimen. To plan a useful and sound 

prophylactic regimen, reliable information and appropriate selection of high-risk 

patients are essential. This study characterized these high-risk individuals 

through collection of patient-related and iatrogenic risk factors and corresponding 

analyses of their relationships to the development of VOD. Of particular 

importance, iatrogenic risk factors, once identified, can be modified in the course 

of time to reduce the risk of VOD development in this population. 



1.4 Research Questions: 

The specific research questions addressed were: 

1) What is the incidence of veno-occlusive disease in a heterogeneous pediatric 

hematopoietic stem cell recipient population? 

2) What are the risk factors for the development of veno-occlusive disease in 

children receiving hematopoietic stem cell transplantations? 

3) How does the 100-day survival rate of pediatric hematopoietic stem cell 

recipient patients that developed VOD compare to pediatric patients that did 

not develop VOD post-transplantation? 



1.5 Study Objectives: 

1. To calculate the incidence of veno-occlusive disease in a heterogeneous 

pediatric hematopoietic stem cell transplant population in a Canadian 

pediatric transplant centre, over a defined period of time. 

2. To identi@ risk factors for the development of veno-occlusive disease in a 

heterogeneous population of pediatric hernatopoietic stem cell transplant 

recipients in a Canadian pediatric transplant centre. 

3. To assess if the development of veno-occlusive disease adversely affected 

patients' 100-day survival rates post-transplant compared to hematopoietic 

stem cell recipient patients that did not develop veno-occlusive disease 

post-transplant. 



CHAPTER TWO: CURRENT KNOWLEDGE 

2.1 Background on Hematopoietic Stem Cell Transplantation: 

Hematopoietic cell transplantation is the process of replacement of pleuri- 

potential stem cells into a patient that has been previously depleted of these cells. 

This replacement provides a source for that patient to replenish their 

hematological and other cell lines. Hematopoietic cell transplantation, in 

combination with cyto-reductive chemotherapy, is an effective therapy in children 

for a variety of malignant and non-malignant disorders. Malignant disorders 

include leukemias, central nervous system (CNS) related malignancies and other 

solid tumours. Non-malignant disorders include hematologic, metabolic and 

immunological disorders. Hematopoietic cell transplantations are performed for 

either refractory disease, hematologic malignant disease or as primary therapy, 

depending on the underlying disease. For malignant disease, HSC transplantation 

is reserved for patients with recurrent disease or situations where other 

conventional therapies are less likely to result in successll disease-free survival. 

For non-malignant conditions, HSC transplantation may be the only potentially 

curative therapy available. 

The transplantation process entails treating the underlying disease with 

high dose chemotherapy 1 radiotherapy followed by replacing the patient's pleuri- 

potential stem cells with either allogenic or autologous stem cells. These stem 

cells are proposed to have the properties of self-renewal and multi-lineage 

differentiation. For that reason, they have the ability to replace other types of 

cells in the body in addition to blood cells. It has been proposed that all tissues 

and organ systems are based on a stem and progenitor model during the 



organogenesis phase of embryology and that these stem cells are retained 

throughout life for regeneration and repair of mature organs and organ systems 

(21). Again, the transplantation process is initiated with the eradication of the 

patient's own stem cells with chemotherapy / radiotherapy. Replacement therapy 

commences thereafter. For example, in leukemia the eradication of the malignant 

cells occurs with the death of stem cells. Then, stem cell replacement is achieved 

by reconstitution of the patient's cells with leukemia-free cells. In the case of 

non-malignant diseases, the process is the same. Here, the mechanism of cure is 

either due to the new stem cells' production of products (enzymes) that were 

previously defective, deficient or absent or by other unknown mechanisms (21). 

2.2 Definitions: 

Veno-occlusive disease - the Seattle criteria for VOD requires two out of the 

following three criteria: 1) jaundice or bilirubin level >34 pmoVL, 2) paidid 

hepatomegaly or right upper quadrant pain of liver origin, 3) and sudden weight 

gain of greater than 5% above baseline due to ascites or fluid accumulation. 

There should not be a more likely competing diagnosis for these findings (9). 

Autologous - originating within an organism itself (22). 

Allogenic - tissues or cells of the same species but are antigenically distinct (23). 

Major histocompatibility complex (MHC) - a goup of genes on chromosome 6 

involved in the specificity and reaction type of the immune response (24). 

Human Leukocyte Antigens (HU) - antigens located on the surfaces of nucleated 

human cells that interact to determine tissue compatibility. HLA antigens are 

genetically determined by the genes of the major histocompatibility complex (24). 



Graft-versus-host disease (GWD) - the process by which engraftment by donor 

lymphocytes in an immunologically compromised host can result in donor T-cell 

activation against host MHC antigens. Cell death results from cell-mediated 

cytotoxic activity and a complex cascade of messengers released by activated 

lymphocytes. In order for this reaction to occur, the graft must contain 

immunocompetent cells, the host must be irnmunocompromised and unable to 

reject or mount a response to the graft, and there must be histocompatible 

differences between the graft and the host (25). 

Hazard ratio - is the instantaneous relative risk of an event per unit time for an 

individual with the risk factor present compared with an individual with the risk 

factor absent, given that both individuals have survived to time "t", and are the 

same on all other covariates (26). 

Cholestasis - stoppage or suppression of the flow of bile, having intrahepatic or 

extrahepatic causes (27). 

2.3 Transplantation Procedure: 

Hematopoietic stem cells are most frequently obtained from bone marrow, 

but are also obtained fiom peripheral blood and umbilical cord blood. The source 

of the stem cells may be from the patient themselves (autologous) or from a 

separate donor (allogenic). Potential allogenic donors include siblings, family 

members, or unrelated individuals. The patient's own cells are harvested if an 

autologous transplant is performed. Otherwise, cells are harvested fiom HLA- 

matched donors. 



Allogenic donor stem cells must be matched for human leukocyte antigens 

(HLA). The HLA region is normally inherited fiom parent to child or between 

siblings as a genetic unit or "block of genes" with recombination occurring 

approximately 1% of the time. This inheritance is important when looking for a 

suitable donor. If the HLA is not matched between donor and recipient, the genes 

encoded in this region will view the tissue of the recipient as foreign and attack it, 

causing graft-versus-host disease (GVHD). 

The genes mapped to the HLA system are called the human major 

histocompatibility complex (MHC). Within the MHC are a number of closely 

linked genes. The MHC antigens are divided into two groups. MHC class I 

antigens present peptide antigens to T-lymphocytes. It is the T-lymphocytes from 

one individual that recognize allelic differences in non-self MHC antigens, which 

results in the immune response leading to GVHD. MHC class I molecules are 

expressed on most nucleated somatic cells and platelets. MHC class I1 molecules 

are involved in antigen processing and peptide transport. Together, MHC class I 

and I1 molecules constitute a "haplotype". 

Every individual inherits one haplotype from each parent to make up his 

or her HLA genotype. Ideally, the donor genotype should be identical or with 

only one HLA mismatch with the recipient. Originally, matching of genotype 

was done only within families, but has been extended to matched unrelated 

donors (MUD) when no familial match can be found (24). This matching of HLA 

genotype decreases the risk of developing GVHD. 

Depletion of the bone marrow in a patient undergoing a transplant is 

achieved using medications andlor radiation designed to kill actively reproducing 



cells. This is done to prevent rejection of allogenic grafts and to eliminate 

malignant cells (in applicable cases). This cyto-reductive therapy not only affects 

stem cells in the bone marrow but other rapidly dividing cells, such as enterocytes 

in the intestine, as well. Other types of cells are also injured during the systemic 

administration of the cyto-reductive regimen to varying extents. It is this injury to 

these other cells that oRen relates to the adverse symptoms and complications that 

patients experience during the transplant process. 

2.4 Complications of Hematopoietic Stem Cell Transplantation: 

Complications of the transplantation procedure are multiple in nature. 

Some complications are related either to the conditioning regimen prior to 

transplantation, or to the immunosuppression inherent to the transplant process. 

Others are a consequence of the procedure itself. Complications can include any 

organ system and range from benign effects (such as transient alopecia) to severe 

organ toxicity or even death. The focus of this thesis was on the post-transplant 

complications involving the liver and gastrointestinal system, specifically, veno- 

occlusive disease and the identification of predictive variables for its 

development. These complications are major causes of morbidity and mortality in 

transplant patients. 

2.5 Liver Disease in Hematopoietic Stem Cell Transplantation: 

In previous long-term follow-up studies of pediatric hematopoietic stem 

cell recipients, the overall incidence of patients developing serious liver disease 

was 17% (3,4). Liver complications were related to three aetiologies. These 



three complications included vascular congestion or thrombosis, direct 

hepatocellular damage, and cholestatic / biliary tract disorders. The diagnoses 

included VOD, acute graft-versus-host disease, chronic graft-versus-host disease, 

viral hepatitis infection, acute liver failure, drug toxicity and hepatomegaly (3,4). 

Other findings post-transplant included raised bilirubin and/or aminotransferase 

lab values, prolonged prothrombin times (PTT) and hypoalbuminernia. 

2.5.1 Veno-occlusive Disease: 

Veno-occlusive disease is a major complication of hernatopoietic stem cell 

transplantation with an occurrence rate of 1.2% to 28% and a mortality rate of 

10% to 40% in children (1 -8,17). 

2.5.1.1 Pathology of Veno-occlusive Disease: 

Veno-occlusive disease primarily affects the vascular endothelium of the 

terminal hepatic venules and sinusoids, and the hepatocytes in zone 3 of the liver 

acinus. Both blood vessel occlusion and hepatocellular injury are seen on autopsy 

when a patient meets the clinical criteria for VOD. The Seattle criteria for VOD 

requires two out of the following three criteria: jaundice or bilirubin level >34 

pmol/L, painful hepatomegaly or right upper quadrant pain of liver origin, and 

sudden weight gain of greater than 5% above baseline due to fluid accumulation 

or ascites (9). The most common findings at autopsy have included hepatic 

venular occlusion, hepatic venular eccentric luminal narrowing, phlebosclerosis, 

sinusoidal fibrosis and hepatic necrosis (28). The genesis of VOD-associated 

lesions is thought to be related to the pre-transplant cyto-reductive therapy, which 



injures structures in zone 3 of the liver including hepatocytes, sinusoidal and 

venular epithelium (28). Cellular events that lead to this widespread injury and 

destruction are not well characterized, but there is evidence of the following 

processes. Cytokine tumor necrosis factor-a (TNF-a) and other markers of 

inflammation are involved in hepatocyte injury. Transforming growth factor P is 

associated with hepatic fibrosis in these patients. Hepatic and endothelial 

glutathione depletion predisposes these patients to hepatocellular and endothelial 

injury. In situ thrombosis contributes to altered sinusoidal blood flow and altered 

pharmacokinetics correlates with liver injury (28,29). 

Histopathological studies that have correlated liver histological findings at 

autopsy with the clinical features of VOD have found the following results. 

Ascites was significantly correlated with occluded hepatic venules, sinusoidal 

fibrosis and hepatic necrosis in zone 3 of the liver acinus. Increased bilirubin 

levels were associated with eccentric luminal narrowing, phlebosclerosis, and 

sinusoidal fibrosis or hepatocyte necrosis, but not hepatic venule occlusion. 

Weight gain was not found to be significantly correlated with any histological 

feature (3 0). 

2.5.1.2 Severity of Veno-occlusive Disease: 

VOD is evaluated for clinical severity and is classified as mild, moderate 

or severe. It is classified as "mild" if the patient shows no apparent adverse 

affects from the liver disease, does not require diuresis for excessive fluid 

accumulation or analgesia for right upper quadrant pain and the patient's signs, 

symptoms and laboratory values resolve spontaneously without therapy. 



"Moderate" VOD is used to describe those patients that suffer adverse effects 

fiom their liver disease. They usually require sodium restriction and diuresis to 

manage fluid excess including ascites, edema and cardiopulmonary congestion. 

Analgesics may be needed to alleviate pain fiom hepatomegaly. Eventually 

though, these patients have complete resolution of all signs of liver damage. 

"Severe" VOD is reserved for those patients who develop adverse effects from 

liver disease and either die of further complications or do not resolve completely 

by day 100. It should be emphasized that death is not a requirement for VOD to 

be classified as "severe" (9). 

2.5.2 Acute Graft-Versus-Host Disease: 

Acute graft-versus-host disease (aGVHD) primarily affects the skin, 

gastrointestinal tract and liver. Gastrointestinal involvement is manifested by 

non-specific symptoms of anorexia, nausea, vomiting, diarrhea and abdominal 

cramping. Weight loss and low-grade fever are also associated with aGVHD. 

Liver involvement includes hyperbilirubinemia and elevations in hepatocellular 

transaminases and alkaline phosphatase. Liver or gastrointestinal involvement is 

generally preceded by skin manifestations, but any system can present first or in 

isolation. 

Acute graft-versus-host disease occurs during the first 100 days post- 

hematopoietic stem cell transplantation and is defined histologically as 

degenerative and destructive changes of the small interlobular or marginal bile 

ducts. Cytologically, these changes consist of irregularity of the duct outline with 

narrowing of the duct lumen, anisonucleosis, nuclear hyperchromasia, segmental 



drop-out of epithelial cells, cytoplasmic swelling or eosinophilia and apoptosis 

(31). Changes in aGVHD are frequently accompanied by a mixed chronic 

inflammatory infiltrate in the portal space, variable degrees of hepatocellular 

cholestasis in zone 3 and proliferation of dilated periportal cholangioles 

containing inspissated bile (3 1). 

2.5.3 Chronic Graft-Versus-Host Disease: 

Chronic graft-versus-host disease (cGVHD) may occur in patients 

surviving greater than 100 days post-transplant. This syndrome involves 

characteristics and pathological abnormalities in affected organs typical of 

autoimmune disorders such as systemic lupus erythematosus or scleroderrna. 

Signs of cGVHD include debilitating skin disease, chronic liver disease, dry eyes, 

oral mucositis, weight loss, increased susceptibility to infections, neurologic 

disorders and severe obstructive lung disease (32). Chronic graft-versus-host 

disease is categorized either as "limited" with localized skin and liver 

involvement only or "extensive" with generalized skin and multi-organ 

involvement. 



CHAPTER THREE: METHODS 

3.1 Study Design: 

A retrospective chart review of a historical cohort consisting of 

consecutive pediatric hernatopoietic stem cell recipient patients from January 

1993 to June 2000 was performed and combined with their pre-existing 

demographic data. Patient charts were reviewed for descriptive and laboratory 

data to identifL cases of VOD, possible risk factors for the development of VOD 

and 100-day post-transplant survival in pediatric hernatopoietic stem cell 

recipients. 

Prior to the chart review, a search of the literature was conducted using 

Medline, Pubmed and Cancerlit databases. References from review articles and 

textbook chapters on VOD were also checked for additional studies (33-35). This 

literature review included both adult and pediatric studies that evaluated risk 

factors for VOD. Their clinical relevance was weighed against the population 

under study. Specialists in oncology were consulted for their expertise with 

respect to the appropriateness of those factors identified in the literature review, 

as well as, their opinions regarding additional potential risk factors. Putative risk 

factors based on the previously identified risk factors fiom pediatric studies were 

assessed. Then, risk factors described in the adult literature were assessed in a 

similar manner. Finally, risk factors that did not reach statistical significance in 

the literature but had plausible biological bases were considered for inclusion. 

From the list of identified variables, a code-book was compiled to identify and 

categorize the variables in the study into nine groups or "domains". 



Each domain was designed to represent different plausible aetiologies for 

the development of VOD. The "demographics" domain was composed of 

intinsic patient traits. For example, patient ethnicity and gender were part of this 

domain. The "transplant factors" domain contained more heterogeneous factors, 

which took into account past events (previous HSC transplantation), background 

factors (underlying disease, time to transplant and remission status) and method of 

transplant (origin of donor cells and location of stem cell origin). The "medical 

history" domain corresponded to records of prior liver, pancreatic or biliary 

disease. The creation of this domain was based on the assumption that previous 

injury or disease may make an individual more susceptible to recurrences with 

subsequent increased risk of developing VOD. The "induction chemotherapy" 

domain encompassed individual chemotherapeutic agents, common combinations 

of chemotherapeutic agents and irradiation. Toxicity fiom induction 

chemotherapeutic agents has long been suspect to the development of VOD. In 

the literature, particular induction medications, with their proposed mechanisms 

of action, have been accused of increasing the risk for the development of VOD 

(6,36-38). The "previous chemotherapy" domain included commonly used 

chemotherapeutic medications known to have hepatotoxic side effects. Thus, 

these medications had the potential to increase the risk of developing VOD in 

patients that later underwent a HSC transplant. The "viral serology" domain 

collected documentation of either the presence or absence of specific potentially 

hepatotoxic viruses pre-transplant in patients. This allowed examination into the 

potential role hepatotoxic viruses may play on the development of VOD. For 

instance, a new infection caused by a hepatotoxic virus while a patient is 



immunosuppressed (during the transplant process), could progress to severe 

infection and 1 or hepatic dysfunction while simultaneously raising the risk for the 

development of VOD. Alternatively, immunosuppression could lead to 

reactivation of a hepatotoxic virus leading to hepatotoxic injury and higher risks 

of developing VOD. The "health status in the 30 days prior to transplant" domain 

was created to assess if the individual's state of health played a role in VOD 

development. Each risk factor within this domain related to different aspects of 

the patient's health prior to transplant. The "prophylactic medications" domain 

characterized specific groups of medications that may be associated with an 

increase in VOD events. By identifying these high-risk medication profiles, 

practitioners will recognize future patients with similar profiles and intervene 

accordingly to prevent serious sequelae. The "laboratory values pre-transplant" 

domain allowed investigation into whether or not laboratory values routinely used 

to monitor for hepatocellular inflammation and cholestasis, can also be used for 

predicting the development of VOD. 

These variables were taken and entered into a flow sheet. Not all of the 

collected data points were used for risk factor analysis; many were only used for 

descriptive analysis. The variables were then imported into the statistical analysis 

program, Stata 6.08, for examination and evaluation. 

3.2 Methods: 

All sequential hernatopoietic stem cell recipients who were transplanted at the 

Alberta Children's Hospital Transplant Centre between January 1993 and June 

2000 were included in the study. Patient care procedures and protocols are 



continuously being revised and updated, so patients transplanted in one year may 

not have been totally comparable to patients transplanted in other years. There 

were 132 applicable patients for analysis. Exclusion criteria included death prior 

to receiving the hematopoietic stem cell transplant. No patient records were 

excluded from the study. 

The primary variables that were measured included: 1) development of 

VOD, using the Seattle criteria (9), 2) risk factors for the development of VOD 

and 3) 100-day survival post-transplant for patients who did and patients who did 

not develop VOD. 

A code-book was collated based on a literature review and council from 

oncology specialists. As described earlier, variables that were identified as risk 

factors for the development of VOD were categorized into nine domains. The 

values for the variables were collected from both chart reviews and a current 

demographic database for this patient population. The data collection form and 

code-book were tested on 12 charts prior to its final form to make any necessary 

adjustments to the variables in the code-book. All values were then inputted into 

a database and transferred to a single spreadsheet for importation into the 

statistical analysis program, Stata 6.08. 

3.3 Statistical Analysis: 

Analysis began with visual inspection of the collected data. Descriptive 

analysis of patient population characteristics used summary measures including 

means, medians, ranges, and standard deviations. Comparison of groups used 

cross-tabulations and plots where appropriate, T-tests for continuous variables 



were carried out and Fisher's exact test for comparison of proportions were 

calculated. 

Errors in data entry from the chart review were addressed using pull- 

downs on the data entry sheets to improve the consistency of reporting. In 

addition, random sampling of 10% of the charts for accuracy was performed. An 

error rate of less than 5% for all variables was found; verifying that 

misclassification due to errors in data entry was not a significant concern. 

Exploratory analysis of various risk factors was accomplished by grouping 

variables into domains that represented common aetiologies or pathways for the 

development of VOD. Multiple variables within one domain were compared 

against each other to select which variable reflected the domain most logically. 

Nine domains were created, the maximum number that this small dataset 

would allow. One or two variables that best described each domain were chosen, 

to arrive at a set of 1 1 or 12 risk factors that could be used in a multiple regression 

model. Chi squared (2) tests for univariate analyses were applied, first to the 

most likely risk factors, then to the less likely ones. Biologically plausible 

variables, as well as, any other likely variables found on univariate analysis were 

then used for exploratory multivariate modelling. Stepwise modelling was 

performed to establish potential models. Each of these models was taken and 

explored in a purposeful manner, using a framework based upon proposed 

biological mechanisms and associations. 

Due to the limited sample size, multiple models (with different variables 

in each model) were created and the best fitting models were retained for re- 

evaluation. The problem of multiple comparisons may have occurred with the 



inclusion of numerous variables as possible risk factors. With many variables 

being examined under the "null hypothesis of no relation", the probability of one 

or more relationships being statistically significant by mere chance was greater 

than five percent (the standard level used in most studies). For the identified 

independent risk factors predictive of VOD, their respective relative risks and 

95% confidence intervals were calculated. 

All patients were followed out to 100 days post-transplant. For any 

patients that died prior to 100 days post-transplant, the cause of death was 

ascertained and the appropriate censorship to the Kaplan-Meier survival curve 

was performed. Kaplan-Meier survival analysis was used to assess if 100-day 

survival was adversely affected by the development of VOD. From that, survival 

curves were created to depict the differences found. The issue of competing risks 

with respect to causes of death in the first 100 days was also taken into 

consideration. 

3.4 Ethics: 

All patients and their families had previously been made aware and had 

agreed to be part of research studies and protocols, which included their 

chemotherapy regimen and their outcome status. Since this study only reported 

compiled results (without any identifiers to specific patients), there anonymity 

was protected. This study was deemed "within the realms" of their previous 

consent for research protocols. 



CHAPTER FOUR: RESULTS 

4.1 Demographics: 

There were 142 hematopoietic stem cell (HSC) transplants performed 

between January 1, 1993 and July 1, 2000 in 132 different patients. Of the 132 

patients in this cohort, 14 patients had more than one transplant (10.6%). There 

were 10 repeat transplants performed in this centre during the time of the study. 

Two patients had had previous transplants elsewhere with one of these patients 

having had two previous transplants. An additional two patients were 

transplanted at this centre prior to January 1, 1993. Of the 15 repeat transplants, 

12 were for relapse of their condition whereas three were following a protocol, 

which specified that two hematopoietic transplants be performed. 

The gender ratio was 1.2: 1 with 78 male to 64 female transplants. The 

ethnic background of this transplant population was predominantly Caucasian. 

One hundred twenty seven of the 142 transplants occurred in Caucasians. Other 

ethnicities represented included one patient of Afkican descent, four patients of 

Asian descent, six patients of East Indian descent, and four patients of North 

American Aboriginal descent. The age of patients ranged fiom three days to 17 

years old. There appeared to be a biphasic distribution of ages as illustrated 

below in figure 1. The mean age for the entire cohort was 8.6 years with a 

standard deviation of 5.0 years. The mean age at transplant for males was slightly 

higher at 9.4 years, than for females at 7.7 years. 
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Age at Transplant (in years) 

Figure 1. Age distribution, in years, for all pediatric HSC transplants from 
January 1993 to June 2000. 

4.2 Incidence of Veno-occlusive Disease: 

Veno-occlusive disease (VOD) occurred in 26 of the 142 transplants 

(1 8.3%). No transplant ever had more than one incident of VOD. The incidence 

of VOD varied from year to year. The highest incidence, 53.3%, occurred in 

1994 and the lowest incidence, 1 1.1 %, occurred in 1995. There were no reported 

cases of VOD in the first 6 months of the year 2000. Table 1 lists the number of 

transplants per year, the number of transplants and percentage that developed 

VOD per year, and the overall totals and percentages of transplants that developed 

VOD. 



Year I Number of I Number that I Percentage of transplants I 

1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000* 

Table 1. Number of HSC transplantslyear, number of transplants and percentage 
that developed VODIyear, and overall totals and percentage from January 1993 to 
June 2000. *Denotes available data for the first 6 months of the year 2000. 

TOTAL I 142 1 26 

The highest percentage of transplants that developed VOD appeared in 

transplants 
19 
15 
18 
15 
2 1 
15 
25 
14 

18.3 

1994. When a more thorough investigation was conducted into why there were 

more cases in that particular year, no definite findings were uncovered. There 

developed VOD 
3 
8 
2 
2 
5 
2 
4 
0 

were no discernible discrepancies in the use of diagnostic criteria, patterns of 

that developed VOD (%) 
15.8 
53.3 
11.1 
13.3 
23.8 
13.3 
16.0 
0.0 

documentation, physicians andlor nursing care, medication profiles or aetiologies 

necessitating transplant. Of note, 1 1 of the 15 transplants occurred in the first half 

of the year with the remaining four done after August. These last four transplants 

all developed VOD. Based on this observation, the time of year when VOD 

occurred was considered as a factor to look into amongst the entire VOD 

population and determine if there was indeed a commonality. It was discovered 

that the time of year when VOD occurred did not differ between the first half of 

the year (16) and the second (10) for the entire population according to Fisher's 

exact test (p-value = 0.385), nor did it change if the year was divided into quarters 

(p-value = 0.7 1 0). 



4.2.1 Demographics of Veno-occlusive Disease Positive Transplants: 

The demographics of the 26 transplants that developed VOD were 

indistinguishable from the transplants that did not develop VOD. The gender 

distribution was balanced with roughly equal proportions of males (12) to females 

(14). Two of the 26 transplants (8%) had had prior HSC transplantations. The 

proportion of Caucasians that developed VOD corresponded to the same 

proportion of Caucasians in the total study. The only background demographic 

that was slightly different from the overall group was the East Indian ethnic group 

that was disproportionately represented in the VOD positive group with three of 

the six East Indian patients having developed VOD. Two of these patients had 

thalassemia and one had infant acute lyrnphocytic leukemia (ALL), which 

accounted for their underlying diagnoses. The age at transplantation was also 

similar between those that developed VOD and those that did not. 

4.3 Background: 

Malignancy was the primary reason for the majority of hernatopoietic stem 

cell transplants. Various types of malignancies accounted for 124 of the 142 

transplants (87%) and only 18 transplants (13%) were for non-malignant 

aetiologies. The malignant aetiologies were hematological (83), central nervous 

system (CNS) tumors (8) and solid tumours (33). The proportion of each of these 

malignant aetiologies is listed below in table 2. 



Malignancytype I Freq. Percent 
- - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - -  

CNS tumors I 8 6.45 
hematological I 83 66.94 

solid tumors I 3 3 26.61 
- - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - -  

Total I 124 100.00 

Table 2. Types of malignant aetiologies in children who received HSC transplants 
fiom January 1993 to June 2000. 

Of the 18 transplants with nonmalignant aetiologies, two were of 

metabolic origin (Hurler's disease (I), adrenoleukodystrophy (1))' and severe 

combined immunodeficiency (1)) and 15 were of hematological origin (aplastic 

anemia (9)' thalassemia (5) and Kostrnann's syndrome (1)). 

Among the 132 different patients, two of the 17 non-malignant disease 

patients developed VOD (12%)' compared to 24 of the 115 cancer patients (21%). 

Converted to transplant procedures, two of the 18 transplants for non-malignant 

disease developed VOD (1 1 %) compared to 24 of the 124 transplant procedures 

for malignant disease (19%). A comparison for the development of VOD 

between non-malignant and malignant aetiologies in the 142 transplant 

procedures did not find any difference in the proportions that developed VOD. 

The Fisher's exact test p-value was 0.527. 



4.3.1 Type of Malignancy: 

The type of malignancy for which the patient had a transplant differed 

between those who did and those who did not develop VOD. The only exception 

was the CNS tumour group who had similar proportions of patients that did 

develop VOD and those patients that did not develop VOD. This is detailed 

below in table 3. Hematological malignancies appeared to have had a higher 

incidence of VOD, in contrast to solid tumors and non-malignant aetiologies, 

which appeared to have had slightly lower incidences of developing VOD. These 

results were looked at more closely in the following section using logistic 

regression to see if the type of malignancy could predict the development of 

VOD. 

I CNS Tumour 1 2126(8%) 1 6/116(5%) 1 8/142(6%) 1 
Hematological malignancy 
Solid Tumour 

Table 3. Comparison between the types of malignancies and non-malignancy for 
the development of VOD and in comparison with the total group. 

4.3.2 Type and Category of Transplant: 

19/26 (73%) 
3/26 (12%) 

Transplants were defined in two ways. First, they were categorized into 

bone marrow transplants, peripheral blood stem cell transplants or cord blood 

6411 16 (55%) 
3011 16 (26%) 

transplants. There were 69 bone marrow transplants, 72 peripheral blood stem 

831142 (59%) 
331142 (23%) 

cell transplants and only one cord blood transplant. Second, transplants were 

characterized by the origin of the donated hematopoietic stem cells. The types of 

donors included autologous (from oneself), from a matched sibling, from a 



matched parent, or from a matched unrelated donor (MUD). The risk of graft 

rejection and graft-versus-host disease is lowest for autologous donors and 

increases with each above-listed category respectively. The frequency of each 

type of donor was similar, except for the parental donor category, which was 

approximately half of the other categories at 19. See table 4. 

Type of Transplant I Freq . Percent 
- - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - -  

autologous I 42 29.58 
sibling I 44 30.98 
parent I 19 13.38 

matched unrelated I 3 7 26.06 

Table 4. Origin and frequency of stem cell donors in pediatric HSC transplant 
recipients from January 1993 to June 2000. 

The relationship between the category (bone marrow, peripheral blood 

stem cell, cord blood) and the type (autologous, sibling, parental, matched 

unrelated) of transplant appeared to make a difference between patients that did 

develop VOD and patients that did not develop VOD. 

Among the 26 VOD positive transplants, 16 (61.5%) were bone marrow 

recipients while ten (38.5%) were peripheral stem cell recipients. Among the 116 

VOD negative transplants, 53 (46%) were bone marrow recipients, 62 (53%) were 

peripheral stem cell recipients and one (1%) was a cord blood recipient. 

Cross-tabulations using Fisher's exact test compared the development of 

VOD to the type of transplant. The p-value from Fisher's exact test was 0.081. 

Table 5 below illustrates this. These findings may be related to the observation 



that the matched unrelated donor transplants were all bone marrow transplants 

and almost all autologous transplants were peripheral blood stem cell transplants. 

VOD 
Type of Transplant I ( - 1  (+) 1 Total 

autologous I 
parent I 
sibling I 

matched unrelated I 

Total 1 116 142 

Fisher's exact test p-value = 0.081 

Table 5. Cross-tabulations comparing the development of VOD to the type of 
transplant performed. 

Collapsing the parental, sibling and matched unrelated donor categories 

into one category created an "allogenic transplant" category. This was compared 

to the autologous transplants category, which unveiled a significant difference in 

the proportion of transplants that did develop VOD and transplants that did not 

develop VOD. See table 6. Both forms of the type of transplant variable were 

considered for univariate and multivariate analysis. 

VOD 
Type of transplant I ( -  1 (+) I Total 

- - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - + - - - - - - - - - -  

autologous I 3 9 3 1 42 
allogenic I 77 23 1 100 

Fisher's exact test p-value = 0.031 

Table 6. Cross-tabulations comparing the development of VOD to the type of 
transplant performed (autologous versus allogenic). 



4.3.3 Human Leukocyte Antigens (HLA) Mismatches: 

The number of Human Leukocyte Antigens (HLA) mismatches is 

measured prior to transplantation to try to obtain the best possible match between 

donor and recipient. This is done to try to minimize the risk of graft rejection and 

graft-versus-host disease. Ideally, the number of mismatches is zero, but 

sometimes no donor can be found that matches the recipient. These situations 

force mismatches to be accepted. No mismatches occurred in 123 of the 142 

transplants performed (87%). One HLA marker mismatch was accepted in 10 

transplants (7%) and two mismatches were accepted in the remaining nine 

transplants (6%). The proportion of HLA mismatches was similar between the 

VOD positive and VOD negative transplants as listed in table 7 below. 

VOD 
Number of HLA mismatches I ( - 1  (+) I Total 

Fisher's exact test p-value = 0.614 

Table 7. Comparison of the number of HLA mismatches among transplants with 
the development of VOD. 

Remission status was evaluated for all transplant procedures. All 18 

procedures with non-malignant disease were categorized as having "stable 

disease" with respect to remission status. Among those with malignant disease, 

most were in remission (104 of 124 (84%)) or partial remission (12 of 124 

(10%)). The remaining transplants had stable non-progressive disease (5 of 124 

(4%)), were in relapse at the time of transplant (2 of 124 (1.6%)) or had 



progressive disease (1 of 124 (0.8%)). There were no differences found between 

the VOD positive and VOD negative transplants with respect to remission status. 

The length of time between initial diagnosis and recorded transplant varied 

widely with a mean of 23.0 months, a standard deviation of 33.5 months, and a 

range of 3 days to 16 years. The majority of patients were transplanted in under 

12 months. (See figure 2.) The length of time to transplantation was similar 

between the VOD positive and VOD negative groups. 

- 
Time to HSC Transplantation in Months 

Figure 2. Graph of time from initial diagnosis to HSC transplant in 6-month 
intervals in all pediatric HSC transplant recipients transplanted from January 1993 
to June 2000. 

Previous HSC transplants were found twice as often in those that 

developed VOD (5 of the 26 transplants (19%)) compared to those that did not (9 

of the 116 transplants (8%)). Interestingly, one of the patients that developed 

VOD did so during their first transplant procedure but not on their subsequent 

one. Another transplant had had VOD during a previous HSC transplant but at 

another institution, so that account was not included in any of the current 

calculations. The four other transplants in this study all developed VOD during 

their second transplant procedure only. 



4.3.4 Induction Chemotherapy: 

A variety of induction chemotherapeutic agents were used in this patient 

population. Agents included cyclophosphamide, busulfan, VP- 16, thiotepa, 

carboplatin and fludarabine. Total body irradiation (TBI) though not technically 

considered a "medication" was also included because it is used as part of the 

induction 1 bone marrow ablation process. The number of transplants who 

received each medication or a combination of these medications for the induction 

of bone marrow ablation (including percentages of the total) is listed below in 

table 8. Table 8 also contains the breakdown (including percentages of the total) 

of the occurrence versus the absence of VOD development post-transplant, in 

relation to each induction chemotherapeutic medication or combination of 

medications. Total body irradiation (TBI) was assessed in a same manner. 

Table 8. Summary of the number of transplants receiving each induction 
medication or combination of medications and how often each 
medication~combination was associated with the development of VOD post- 
transplantation from January 1993 to June 2000. 

Cyclophospharnide + VP-16 
Cyclophosphamide + Thiotepa 
CyclophospharnidetCarboplatin 
Cyclophospharnide + TBI 
VP-16 + Carboplatin 
VP- 16 + TBI 

27 (19%) 
18 (13%) 
9 (6%) 
44 (31%) 
12 (8%) 
33 (23%) 

22/27 (81%) 
16/18 (89%) 
819 (89%) 
34/44 (77%) 
11/12 (92%) 
26/33 (79%) 

5/27 (19%) 
2/18 (1 1%) 
119 (1 1%) 
10144 (23%) 
1/12 (8%) 
7/33(21%) 



As shown in table 8, busulfan and fludarabine had the highest rates of 

VOD development post-transplantation, both as single agents, 32% and 44% 

respectively, and in combination with cyclophosphamide, 41% and 43% 

respectively. However, cyclophosphamide as a single agent was not associated 

with a higher overall incidence of the development of VOD. Only in combination 

with either busulfan or fludarabine was an increase in the development of VOD 

observed. The combination of VP-16 and carboplatin had the lowest rate of 

developing VOD at 8%, but due to the small number of transplants that received 

this combination (n=12), this was not significantly different from the overall rate 

of 18.3%. Thus, VP-16 in combination with carboplatin would not be considered 

protective against the development of VOD in this patient data set. 

Analysing the number of transplants that did and the number of transplants 

that did not develop VOD with respect to the usage of chemotherapeutic induction 

medications was performed visually and by using Fisher's exact test. The results 

are displayed in table 9 below. 

I Medication I VOD(+) (YO) I VOD(-) (%) I Fisher's exact I 
Cyclophospharnide 
Busulfan 
VP-16 
Thiotepa 

Table 9. Correlation between the usage of induction chemotherapeutic 
medications and the development of VOD in pediatric transplants from January 
1993 to June 2000. 

Carboplatin 
Fludarabine 
TBI 

18/26 (69%) 
8/26 (31%) 

10126 (39%) 
3/26 (12%) 
2/26 (8%) 
4/26 (15%) 

16/26 (62%) 

7211 16 (62%) 
1711 16 (15%) 
511116 (44%) 
201116 (17%) 

test p-value 
0.653 
0.083 
0.666 
0.570 

141116 (12%) 
51116 (4%) 

581116 (50%) 

0.737 
0.059 
0.385 



The data suggested that both busulfan and fludarabine might be associated 

with the development of VOD. The number of transplants that developed VOD 

when given these two medications either alone or in combination with 

cyclophosphamide was higher than expected after comparing them with the 

number of transplants that did not develop VOD. 

4.3.5 Prophylactic medications: 

Prophylactic medications were given to prevent infections from a variety 

of organisms and to prevent complications associated with the transplantation 

process. Different medications were used to prevent a specific consequence from 

occurring. These medications were grouped into their respective therapeutic 

categories to complete cross-tabulations. The cross-tabulations were then used to 

distinguish any differences in proportions within each of the therapeutic 

categories for transplants that did develop VOD and those that did not. 

Pneumocystis carinii pneumonia (PCP) occurs specifically in 

irnrnunocompromised patients. This study population was at increased risk for 

this disease because of the profound imrnunosuppression involved in the 

transplant process. Trimethoprim sulfamethoxazole (SeptraB), considered the 

first-line drug therapy for PCP prophylaxis, was used in 124 of the 142 transplant 

procedures (87%). Of the remaining 18 transplant procedures, eight were treated 

with dapsone, one was treated with dapsone plus pentamidine, seven had no PCP 

prophylaxis treatment and two could not be accounted for due to missing data. 

Upon inspection, no differences were found between the proportion of transplants 

that developed VOD and the proportion of transplants that did not develop VOD 



with respect to the PCP prophylactic medications used. This was confirmed by 

the Fisher's exact test. See table 10 below. 

Fisher's exact test p-value = 0.181 

Table 10. Comparison between PCP prophylactic regimens for the development 
of VOD among pediatric HSC transplants from January 1993 to June 2000. 

Several medication regimens to prevent potential bacterial infections were 

used. This involved intravenous immune globulin (IVIG) alone or in combination 

with one or more antibiotics. Out of the 142 transplants, 56 (39%) were given 

IVIG alone, 61 (43%) received metronidazole plus IVIG or metronidazole alone, 

3 (2%) received a combination of ciprofloxacin, metronidazole and IVIG, 9 (6%) 

received ciprofloxacin plus IVIG or ciprofloxacin alone and finally, 13 (9%) had 

no prophylactic regimen documented as being prescribed. No differences 

occurred with any of the bacterial infection prophylactic regimens used between 

the proportion of transplants that did and did not develop VOD. (See table 11 .) 



Fisher's exact test p-value = 0.622 

Table 11 .  Comparison between antibiotic prophylactic regimens for the 
development of VOD among pediatric HSC transplant recipients from January 
1993 to June 2000. C = ciprofloxacin, M = metronidazole, I = WIG. 

For antifungal prophylaxis, nystatin mouthwash was administered to all 

patients. Additional antifungal medication was provided to those patients that did 

not tolerate the mouthwash or who clinically required additional prophylaxis. 

Sixty-five of the 142 (46%) transplant procedures required additional prophylactic 

therapy. Of these 65 transplant procedures, 56 (85%) received fluconazole, 6 

(9%) received amphotericin B and 3 (5%) were given itraconazole. Data for one 

patient was unavailable. The remaining 76 of the 142 transplants (54%) did not 

require additional antifungal prophylaxis. When each antifungal medication was 

assessed for the development of VOD, fluconazole had a smaller fkaction of 

transplants that developed VOD, (7 of 26 (27%)) than those that did not develop 

VOD (49 of 1 16 (42%)). Among the three transplants that received itraconazole, 

a larger fraction of transplants developed VOD (2 of 26 (8%)) compared to the 

fi-action of transplants that did not develop VOD (1 of 1 16 (1 %)). See table 12. 



Fisher's exact test p-value = 0.097 

Table 12. Comparison between antifungal prophylaxis regimens for the 
development of VOD in pediatric HSC transplant recipients from January 1993 to 
June 2000. 

Antiviral prophylaxis was a component of almost all transplant therapeutic 

regimens. Acyclovir was the most frequently used antiviral, given in 1 19 of the 

142 transplant procedures (84%). Ganciclovir was given in four procedures (3%). 

Ganciclovir was used as an alternative to acyclovir if a patient was known to be 

intolerant to the medication, to have had previous side effects to the medication or 

was to receive a known cytomegalovirus (CMV) incompatible stem cell donation. 

Similar proportions of transplants did and did not develop VOD with each of the 

antiviral prophylactic medications shown below in table 13. 

VOD 
Antiviral prophylaxis 1 (-1 (+)  I Total 
- - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - + - - - - - - - - - -  

acyclovir 1 96 23 1 119 
ganciclovir I 4 0 I 4 

none 1 15 3 1 18 
no data available I 1 0 I 1 

- - - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - -+ - - - - - - - - - -  

Total 1 116 26 1 142 

Fisher's exact test p-value = 1.000 

Table 13. Comparison between antiviral prophylactic regimens for the 
development of VOD in pediatric HSC recipients fiom January 1993 to June 
2000. 



Prophylaxis for graft-versus-host disease (GVHD) consisted of 

methotrexate monotherapy, cyclosporine monotherapy or cyclosporine plus 

methotrexate. Ninety-three of the 142 transplants (65%) received GVHD 

prophylaxis. Of these 93 transplants, 57 (61%) received cyclosporine (CSA) plus 

methotrexate (MTX), 33 (35%) received cyclosporine monotherapy and three 

(3%) received methotrexate alone. It must be noted that, in general, autologous 

transplants are not susceptible to GVHD because the donor and recipient are the 

same person. Of the remaining 49 of 142 transplant procedures (35%), who did 

not receive GVHD prophylaxis, 42 were autologous transplants. 

The development of VOD was searched for among transplants that 

received MTX plus CSA, CSA monotherapy, only MTX and those who did not 

receive any GVHD prophylaxis. The transplants that received MTX plus CSA or 

CSA monotherapy each had a slightly higher proportion of transplants that 

developed VOD versus the proportion that did not develop VOD. However, 

transplants that did not receive any GVHD prophylaxis had a lower proportion of 

transplants that developed VOD (4 out of 26 (15%)), compared to the transplants 

that did not develop VOD (45 out of 116 (39%)). However, this did not reach 

statistical significance. See table 14. However, this did not reach statistical 

significance. 



Fisher's exact test p-value = 0.076 

Table 14. Comparison between GVHD prophylactic regimens for the 
development of VOD in pediatric HSC transplant recipients from January 1993 to 
June 2000. 

Anticoagulation has been used to treat VOD with some success (39-42). It 

has recently been proposed that implementing anticoagulation therapy pre- 

transplant may help to prevent the occurrence of VOD (39,40,42). In this 

particular population, no transplants received anticoagulation therapy for VOD 

prophylaxis. However, four transplants did receive the anticoagulant, heparin, 

prior to transplantation for clearing out their clotted central venous lines. None of 

these four transplants developed VOD. Fisher's exact test compared the 

proportion of transplants that received heparin pre-transplant versus those that did 

not, for the development of VOD, and found no difference with a p-value of 

1 .ooo. 

Cholestasis, as defined as a serum bilirubin level of > 34 pmol/L in the 

Seattle criteria (9), is one of the diagnostic criteria for VOD. Ursodeoxycholic 

acid is a medication used to effectively treat cholestasis in both adult and pediatric 

patients. This medication has been shown to significantly decrease the risk of 

developing VOD in HSC adult transplant patients (43-45). Ten transplants 

received ursodeoxycholic acid pre-transplant. Three of these ten had a history of 



cholestasis and five had a raised bilirubin pre-transplant (indicative of 

cholestasis). No documentation was found to explain why the last two transplants 

were treated with ursodeoxycholic acid. There was no difference between the 

proportions of transplants that received ursodeoxycholic acid and those who did 

not receive this drug with respect to the development of VOD. Thus, no 

protective effect was observed in this patient population. This is illustrated 

below in table 15. 

Fisher's exact test p-value = 1.000 

Table 15. Comparison between usage and non-usage of ursodeoxycholic acid for 
the development of VOD in pediatric HSC transplant recipients from January 
1993 to June 2000. 

4.3.6 Viral Serology: 

Viral serology was measured in the recipient prior to transplant to look for 

hepatotoxic viruses that could be causing ongoing infection (hepatitis B andlor C), 

as well as, dormant viruses that could reactivate while the patients were 

immunosuppressed during the transplantation process. The dormant viruses with 

the potential to reactivate included cytomegalovirus (CMV), Epstein-Barr virus 

(EBV), herpes simplex virus (HSV) and varicella zoster virus (VZV). Hepatitis A 

virus, a hepatotoxic virus that patients are susceptible to via the fecal-oral route, 

was also screened for. The screening results also indicated the presence or 

absence of previous immunity to all of the above-mentioned viruses for each 



patient. This has relevance because new exposure to any of these viruses in an 

immunosuppressed patient can cause serious illness. 

Overall, positive serology for any of the hepatitis viruses prior to 

transplant was uncommon. See figure 3. Hepatitis A was the most common virus 

in this group, with 11 transplants testing positive. Nine transplants tested positive 

for hepatitis B and two transplants tested positive for hepatitis C. Figure 3 depicts 

which of these transplants did not develop VOD and those that did develop VOD. 

--HepA Hep B Hep C - Hep A Hep B Hep C -Hep A Hep B Hep C 

12 - 

Figure 3. Bar graph of total number of pediatric HSC transplants recipients 
transplanted between January 1993 and June 2000 with positive hepatitis A, B 
and C serologies prior to transplant, with the totals divided into transplants that 
did not develop VOD and those that did develop VOD. 

The VZV, EBV, HSV and CMV viruses were much more common in the 

total patient population prior to transplant. See figure 4. Positive VZV serology 

was the most common, occurring in 104 of the transplants. EBV presented itself 

as the second most common positive viral serology, occurring in 80 of the 

transplants. HSV occurred in 69 and CMV was positive in 47. Figure 4 further 



depicts which of these transplants did not develop VOD and those that did 

develop VOD. 

EBV CMV HSV VZV- EBV CMV HSV VN- EBV CMV HSV VZV 

110 - 

Figure 4. Bar graph of total number of pediatric HSC transplant recipients 
transplanted between January 1993 and June 2000 with positive non-hepatitis 
viral serologies prior to transplant, with the totals divided into transplants that did 
not develop VOD, and those that did develop VOD. 

A comparison between VOD positive and VOD negative transplants with 

respect to each different pre-transplant viral serology was completed. Only the 

pre-transplant CMV serology in the recipient was found to have discrepant 

proportions with 12 of the 95 CMV negative transplant recipients developing 

VOD (12.6%) compared to 14 of the 47 CMV positive transplant recipients 

developing VOD (29.8%). Fisher's exact test was used to compare the 

proportions between VOD positive and VOD negative transplant recipients within 

each different viral serology. The results are shown in table 16. 



Table 16. Comparison of different pre-transplant positive viral serologies between 
transplants that developed VOD and those that did not develop VOD in pediatric 
HSC transplant recipients fi-om January 1993 to June 2000. The differences in 
denominators reflected missing data for each variablelvirus. 

4.3.7 Previous chemotherapy: 

Most patients with malignant conditions, who underwent HSC transplants, 

had been exposed to previous chemotherapeutic agents to treat their disease. The 

18 transplants that had non-malignant aetiologies (hematological or metabolic) 

did not receive chemotherapy prior to transplantation. Since these 18 transplants 

did not receive previous chemotherapy, the following summations were made 

without taking these transplants into consideration. 

Due to the variety of underlying medical conditions, treatment protocols 

used prior to transplant, and the continuous evolvement of drug therapy protocols 

over the duration of the study period, no one drug or drug regimen was used in the 

majority of patients. Even when the outcome of VOD was looked at, the number 

of transplants that received any specific medication was too small to make any 

conclusions. This is illustrated in table 17 below. 



Medication 
Cisplatin 
Carboplatin 
6-MP 

Number (%) 
251124 (20%) 

Busulfan 
Methotrexate 

Table 17. Summary of how many transplants received each specific medication in 
the past and its relative frequency to the development of VOD in pediatric HSC 
transplant recipients from January 1993 to June 2000. 

251124 (20%) 
231124 (19%) 

Doxorubicin 
Bleomycin 
6-TG 

The specific chemotherapeutic medications used before transplant and the 

VOD(-) (%) 
23/25 (92%) 

21124 (2%) 
271124 (22%) 

number of transplants that received each agent is listed above in table 17. The 

VOD(+) (%) 
2/25 (8%) 

22/25 (88%) 
19/23 (82%) 

381124 (31%) 
11124 (1%) 

18/124 (15%) 

above table further broke down the total number of transplants exposed to each 

3/25 (12%) 
4/23 (17%) 

112 (50%) 
20127 (74%) 

drug into how many of these transplants did or did not go on to develop VOD. 

112 (50%) 
7/27 (26%) 

32/38 (84%) 
111 (100%) 
14/18 (78%) 

For example, from looking at table 17 we notice that only two transplants out of 

6/38 (16%) 
011 (0%) 
4/18 (22%) 

25 (8%) that received cisplatin developed VOD. Since there were a reasonably 

large number of transplants that received this medication and the percentage of 

transplants that developed VOD having taken this medication was small, it was 

used to represent the previous chemotherapy domain. Of interest, doxorubicin 

was the most frequently used chemotherapeutic agent received before 

transplantation. Overall though, due to the small numbers, it is difficult to argue 

with any conviction that any chemotherapeutic medication taken pre-transplant 

had any relationship to the development of VOD post-transplant. 



4.3.8 Previous liver disease: 

Previous liver disease (hepatitis, cholestasis) in patients was investigated 

not only for its potential for recurrent episodes during the transplantation process, 

but for the higher risk these may have for developing veno-occlusive disease. The 

majority of transplant procedures, 77 out of 142 (54%), had no previous 

documentation of liver disease or hepatic inflammation. However, 56 of the 142 

transplant procedures (39%) had prior episodes of medication related 

hepatotoxicity, seven (5%) had previously reported bouts of cholestasis, one (1 %) 

had an earlier bout of viral hepatitis and one (1 %) had a former hepatic abscess. 

When searching for a difference between the proportions of those that 

developed VOD and those that did not develop VOD with respect to previous 

liver disease, a possible distinction was observed. Amongst the different patients 

with histories of various types of liver diseases aforementioned, including those 

with no prior liver disease, the highest proportion of patients that developed VOD 

was in those patients with a history of cholestasis. In the seven transplants with 

previous cholestasis, three developed VOD. See table 18. 

Fisher's exact test p-value = 0.079 

Table 18. Comparison between transplants with histories of various types of liver 
disease including those with no prior liver disease, for the development of VOD 
in pediatric HSC transplant recipients from January 1993 to June 2000. 



Pancreatitis history in patients was also looked at and is discussed in this 

section because pancreatitis may be related to liver disease either through 

obstruction of the biliary system (which connects the liver and pancreas together) 

or due to direct drug toxicity. Fifteen of the 142 transplants (1 1 %) had recorded 

histories of pancreatitis prior to transplantation. 

Patients with prior histories of pancreatitis were also scrutinized against 

those without any histories of pancreatitis, for the development of VOD. The 

results are revealed below in table 19. The likelihood of developing VOD was 

greater in those with accounts of pancreatitis in contrast to those with no accounts 

of this condition. This was made obvious when 6 of the 15 transplants (40%) 

with previous reports of pancreatitis developed VOD in comparison to 20 of the 

127 transplants (1 6%) with no reports of pancreatitis. 

Fisher's exact test p-value = 0.033 

Table 19. Comparison between the proportions of transplants with and without 
histories of pancreatitis, for the development of VOD in pediatric HSC transplant 
recipients from January 1993 to June 2000. 



4.3.9 Health status in the 30 days prior to transplantation: 

Ideally, a patient should be as healthy as possible prior to transplantation. 

Illnesses, infections, other ongoing diseases and consequent methods of 

nutritional intake are factors, which compromise the probabilities of surviving 

transplantation, and increase the patient's risk of developing VOD. Described 

below are the parameters that were identified and analysed as presenting 

themselves in the 30 days prior to transplantation. 

Fever of any origin occurred in 69 of the 142 transplants (49%). Culture 

positive infections were present in 29 transplants (20%). Febrile neutropenia 

occurred in 29 transplants (20%) as well. However, only 12 of these febrile 

neutropenic transplants had a culture positive infection. Four of the culture 

positive infection transplants did not develop any fevers and 13 others had fevers 

but were not neutropenic at the time. This is summarized in table 20 along with 

other combinations of culture positive infections, febrile neutropenia and fever in 

the 30 days prior to transplant. 

Culture (+) I Fever of any origin I Febrile I Total I 
infection 

No 
Yes 

Table 20. Combinations of fever, febrile neutropenia and culture positive 
infections in the 30 days prior to transplant in pediatric HSC transplant recipients 
from January 1993 to June 2000. 

No 
129 

No 
No 

Yes 
I69 

neutropenia 
No 
No 

69 
4 

Yes 
129 

17 
/ 142 



Other symptoms that indicated the general health of the individual going 

into transplant included the presence or absence of diarrhea, constipation and 

abdominal pain. Transplants with diarrhea may have had infectious or medication 

related causes. Clostridium dzficile (C. dzficile) was positively pinpointed as the 

culprit of one transplant's diarrhea but the others did not have any infectious or 

other aetiologies identified or documented. Abdominal pain could have been due 

to numerous causes, such as an ileus, an infection, or a medication induced 

inflammation of the bowel wall. Constipation prior to transplant may have been 

secondary to poor oral intake, dehydration, medications or electrolyte 

abnormalities. It could also have been a cause of abdominal pain if fecal 

impaction or distension from feces occurred. Various combinations of diarrhea, 

abdominal pain and constipation occurred among the transplants and are 

summarized below in table 21. Of note, is that in 91 transplant procedures there 

were no symptoms of diarrhea, abdominal pain or constipation. 

Table 21. Various combinations of abdominal pain, constipation and diarrhea 
among pediatric HSC transplant recipients in the 30 days prior to transplant fiom 
January 1993 to June 2000. 

Diarrhea 
No 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
11 9 

Abdominal Pain 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
11 7 

Constipation 
No 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
13 0 

Total 
9 1 
10 
6 
2 
4 
23 
5 
1 
1142 



Mucositis is the breakdown of buccal and oral mucosa. It is a common 

adverse effect of chemotherapeutic medications and was a symptom used in this 

study as another indicator of general health pre-transplantation. If mucositis is 

severe enough, oral feeding may not be possible and alternate modes of feeding 

must then be explored. Mucositis occurred during the pre-transplant period in 14 

of the 142 transplant procedures (10%). Mucositis occurred in four of the 26 

VOD positive transplants (1 5%), compared to 10 out of the 1 16 VOD negative 

transplants (9%). 

Oral feeding was the most common mode of nutrition in the 30 days prior 

to transplant, which was utilized in 141 of 142 transplant procedures (99.3%). 

One transplant used nasogastric (NG) feeds as his or her sole source of nutrition 

while another six transplants used NG feeds for a portion of their intake in 

addition to their oral feeds. Of these six transplant procedures that were on NG 

feeds pre-transplant, five continued on NG feeds post-transplant. 

Some patients required TPN to replace oral feeds immediately prior 

(within seven days) to transplant. A major reason for administering TPN was for 

those suffering from early or excessive adverse effects of the induction 

chemotherapy. TPN was provided in 30 of the 142 transplant procedures (21%) 

for this reason. After taking a closer look at these 30 transplants, an interesting 

discovery was made. Twenty-eight of the 30 transplants that received TPN pre- 

transplant also had received cyclophosphamide as part of their induction 

chemotherapy. (A total of 90 transplants received cyclophospharnide as a 

component of their induction chemotherapy). Because 28 of the 30 transplants 

that required TPN pre-transplant also received cyclophosphamide, the TPN pre- 



transplant variable may be a surrogate marker for those that experienced untoward 

reactions to cyclophosphamide. Inspection of other induction chemotherapeutic 

agents found individual agents, busulfan and fludarabine, but not 

cyclophosphamide, were associated with a higher .frequency of transplants that 

received TPN pre-transplant and went on to develop VOD. However, due to the 

very small number of transplants involved (five for busulfan and four for 

fludarabine), the differences in frequencies were not significant. 

Other reasons TPN was required pre-transplant were for mucositis and 

abdominal pain. TPN was administered to seven of the 14 transplants with 

mucositis. Five of the 17 transplants with abdominal pain required TPN. Finally, 

only three of the six transplants with both mucositis and abdominal pain received 

TPN. The other 17 transplants that received TPN pre-transplant did not have any 

documented mucositis or abdominal pain. These patients required TPN due to 

nausea and anorexia secondary to induction chemotherapy. Upon investigation, 

no differences were found in indications for TPN pre-transplant regarding 

frequencies of constipation, diarrhea, mucositis or abdominal pain between 

transplants that developed VOD and transplants that did not develop VOD. 

All variables listed in table 22 constitute the domain of "health status in 

the 30 days prior to transplant" and were assessed to see if there were any 

differences between those transplants that did and did not develop VOD. The 

clinical and theoretical relevancies of each variable were considered; including 

the statistical p-value, to determine which variable(s) would represent the domain. 

Fever, diarrhea and the necessity of TPN feeds were the only variables that 

presented themselves with significant frequency among the transplants that 



developed VOD. Hence, these variables were taken and examined as potential 

risk factors for the development of VOD. Since the variable "infection" had a 

relatively small p-value of 0.1 79, it was also included as an alternate potential risk 

factor. This assessment was performed utilizing univariate analysis. 

Variable 

Infection 
Fever 
Febrile 
neutro~enia 

Occurrence 
overall (%) 

Mucositis 
Diarrhea 
Abdominal 
pain 

Table 22. Comparison between health status factors present in the 30 days prior 
to transplant to the development of VOD in pediatric HSC transplant recipients 
from January 1993 to June 2000. 

291142 (20%) 
691142 (49%) 
291142 (20%) 

- - 

Constipation 
I Oral feeds 
NG feeds 
TPN feeds 

4.3.10 Laboratory values pre-transplant: 

VOD (+) (%) 

141142 (10%) 
191142 (13%) 
171142 (12%) 

Serum enzymes (alanine aminotransferase (ALT), gamma-glutamyl 

8/29 (28%) 
18/69 (26%) 
7/29 (24%) 

301142 (21%) 
1411142 (99%) 
61142 (4%) 
301142 (21%) 

transferase (GGT)) and bilirubin are useful in screening for liver abnormalities. 

VOD (-) (%) 

4/14 (29%) 
7/19 (37%) 
3/17 (18%) 

The ALT is one signifier for drug induced hepatocellular damage, while the GGT 

Fisher's 
exact test 
D-value 

21/29 (72%) 
51/69 (74%) 
22/29 (76%) 

5/30 (17%) 
261141 (18%) 
216 (33%) 
10130 (33%) 

and bilirubin are prognostic clues for cholestatic problems. 

0.179 
0.029 
0.420 

10114 (71%) 
12/19 (63%) 
14/17 (82%) 

An ALT of greater than 35 unitsflitre (UIL) is considered elevated in all 

0.288 
0.022 
1 .OOO 

25/30 (83%) 
1 15/141(82%) 
416 (67%) 
20130 (67%) 

age groups and is specific for liver disease. The number of times a raised ALT 

1 .OOO 
1 .OOO 
0.302 
0.030 

occurred pre-transplant was in 91 of the 142 transplants (64%). The mean highest 



50 

ALT value pre-transplant was 100.2 UIL with a standard deviation (SD) of 147.8 

and a range of 10 to 977 UIL. The median was 46 UIL, implying a skewing of the 

values to the right by a few outliers. This skewing by a few large values recurred 

for all of the lab results. For this reason, the median values needed to be included 

in the results. A large difference between the median and mean values usually 

indicates that a few large results affected the mean value. This could have 

potentially misrepresented the results if the other descriptive measures had not 

been included, especially the median value. 

ALT lab values pre-transplant were measured to see if having a raised 

ALT level pre-transplant was more likely to lead to the development of VOD 

post-transplant as opposed to having normal ALT values pre-transplant. The 

results from this study revealed the opposite effect. See figure 5 below. 

Transplants that went on to develop VOD tended to have lower ALT values pre- 

transplant in contrast to those transplants that did not develop VOD. 

Figure 5. Comparison of highest ALT values pre-transplant between VOD 
positive POD(+)) and VOD negative POD(-)) transplants in pediatric HSC 
transplant procedures from January 1993 to June 2000. 



The normal values for serum GGT, a marker for cholestasis, vary between 

gender and age groups. There are only changes in normal GGT values in the first 

seven months of life. Thereafter, the values for GGT remain consistent. 

Fortunately, this was only pertinent to two patients in the study. Since there were 

only two patients that were transplanted at less than seven months of age (one 

female and one male), they were dropped from this part of the analysis. After the 

first seven months, the ranges are stable between 11 to 63 UIL for males and 

between 8 to 35 U/L for females. The number of male transplants with a raised 

GGT value pre-transplant was 18 of 77 (23.4%), while the number of female 

transplants with a raised GGT value pre-transplant was 27 of 63 (42.9%). The 

mean "highest GGT value pre-transplant" for male transplants was 65.58 UIL 

with a standard deviation of 112.52. The male transplants had values ranging 

from 8 to 841 U/L with a median "highest GGT value pre-transplant" at 36 UIL. 

On the other hand, for female transplants, the mean "highest GGT value pre- 

transplant" was 52.97 UIL with a standard deviation of 57.81. These female 

transplants had values ranging from 10 to 300 UIL with their median "highest 

GGT value pre-transplant" as 30 U/L. 

The normal range for bilirubin is 5 20 pmol/L, except in the newborn 

period. The two newborns in this study did not have raised bilirubin levels 

corrected for age and again were excluded from the following calculations. The 

Seattle criterion uses a higher level (> 34 pmol/L) as part of its diagnostic criteria 

(9). The number of transplant procedures with a maximum bilirubin level above 

the normal range pre-transplant was 19 of the 140 transplant procedures (1 3.6%). 

The mean maximum bilirubin level was 13.9 pmol/L with a standard deviation of 



9.1. The values ranged from 3 to 79 p.mol/L with a median of 12 pmol/L. These 

laboratory values were then taken and compared between VOD positive and VOD 

negative transplant procedures. 

The ALT values were higher for the VOD negative group and can be 

better appreciated graphically back in figure 5, in addition to the values listed in 

table 23 below. The mean for the VOD negative group was 110.59 UIL with a 

standard deviation of 160.1 8, a median of 49 and a range of 10 to 977 UIL 

compared to the VOD positive group that had a mean of 51.8 UIL, a standard 

deviation of 36.18, a median of 41 and a range of 18 to 158 UIL. 

The GGT values had to be divided according to gender because the 

reference range differs between males and females. The means were elevated in 

both genders in the VOD positive groups. One outlier in each of the four strata 

(VOD negative males, VOD positive males, VOD negative females and VOD 

positive females), markedly skewed the means. ARer the data was inspected 

visually and the means recalculated, excluding the largest value in each of the 

four GGT strata, the VOD positive group mean value for the males and the 

corresponding mean value for the females were reduced to a much greater extent 

than the VOD negative male and female groups' means values. This difference in 

the recalculated means for males and females in the VOD positive group was due 

to the small number of observations in each VOD positive group. 

The bilirubin mean and median values were similar in both the VOD 

positive and VOD negative groups. The standard deviation was larger in the 

VOD positive group because of the smaller number of transplants in this group 

and the larger range. See table 23. 



I 
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Variable I Mean 1 Standard deviation I ~ e d i a n  1 Range 1 
Bilirubin VOD (+) 

VOD(-) 

Table 23. Comparison of serum enzyme and bilirubin values between VOD 
positive and VOD negative transplant procedures performed from January 1993 to 
June 2000. 

ALT VOD (+) 
VOD (-) 

GGT (m) VOD (+) 
VOD(-) 

GGT (f) VOD (+) 
VOD (-) 

16.44 
13.35 
51.8 
1 10.59 
105.67 
58.18 
87.38 
43.84 

Variable 
GGT (m) VOD (+) 

Table 24. Comparison of GGT values (after the largest outlier value was 
removed) between VOD positive and VOD negative transplant procedures from 
each gender in the pediatric HSC transplant recipients from January 1993 to June 
2000. 

16.04 
6.68 

VOD (-) 
GGT (f) VOD (+) 

VOD (-) 

36.18 
160.18 
232.68 
73.29 
95.03 
39.79 

Mean 
38.82 

12 
12 

50.84 
69.67 
40.46 

4 - 79 
3 -48 

41 
49 

3 1.5 
36 
46 
29 

Standard deviation 
23.83 

18 - 158 
10 - 977 
14 - 841 
8 - 528 
10 - 300 
11 - 206 

43.57 
73.49 
32.34 

Median 
27 

Range 
14-94 

35.5 
39 

28.5 

8-203 
10-250 
11-160 



4.4 Risk Factors for Univariate and Multivariate Analysis: 

The research code-book compiled together a large data set of risk factors 

that could be associated with the development of VOD (see appendix 1). These 

postulated risk factors were arranged into domains to represent different possible 

aetiologies for the development of VOD. Then, statistical analyses were used to 

identify the most likely important risk factors in each domain. These domains 

included patient demographics, transplant factors, medical history, viral serology, 

health status in the 30 days prior to transplantation, induction chemotherapy, 

previous chemotherapy, prophylactic medications, and laboratory values pre- 

transplant. The following paragraphs give a comprehensive rationale to 

substantiate the chosen risk factors and how they were grouped into domains for 

final analyses. 

Binary risk factors comprised the majority of the proposed risk factors, 

with the remainder comprised of categorical and continuous variables (see 

appendix 2). The proposed categorical and continuous variables were converted 

into appropriate forms for comparison with the original form of the variable. The 

categorical variables were transformed into binary form, where applicable, to 

assess if any change occurred in the prediction of the development of VOD 

compared to the original form. The continuous variables were transformed into 

categorical and binary forms to assess if either transformation predicted the 

development of VOD to a better degree than the original form. 

Appendix 3, lists all of the predictor variables, with their transformations, 

in their respective domains. There were very few data points missing and this 

data set had a large enough number of observations to justifL using the Wald 



statistic p-values. The odds ratios were included only for factors having a 

relatively small p-value, (the smaller the p-value, the higher the probability of that 

particular variable being a predictor for the development of VOD). Table 24 

shown below, summarizes those clinically relevant variables with a high 

likelihood of predicting the outcome. An arbitrary cut-off of close to 0.05 was 

chosen for the p-value. In general, a variable with a p-value of 5 0.05 indicates 

that it is more likely to be able to predict the outcome of interest and less likely 

that the outcome of interest would have occurred by chance alone. 

Table 25. Table of univariate analysis variables with a p-value of close to 0.05 or 
less for pediatric HSC transplant recipients from January 1993 to June 2000. 

during Transplant 
GVHD prophylaxis 

- None - as baseline 
- Methotrexate plus Cyclosporine 
- Cyclosporine 

3.32 
4.22 

1.01, 10.98 
1.18. 15.14 

0.049 
0.027 



The odds ratios depicted in table 25 can be assumed to be roughly 

equivalent to a relative risk for that variable. This is because the outcome event 

(development of VOD) is a "rare event" in this population. 

Appendix 4 includes additional variables that were considered practicable 

for inclusion into a stepwise multivariate analysis. The arbitrary cut-off for the p- 

value in this table was 0.160, which allowed the inclusion of at least one variable 

from each domain. The potential risk factors in the table were organized 

according to the nine domains listed earlier. 

Investigation into conceivable interactions between variables was beyond 

the scope of this study because of the large number of predictor variables that 

were initially chosen. Evaluation of all of the possible combinations of 

interactions would have made the analysis unworkable. In addition, it had been 

decided a priori that only one or two variables ftom each domain would be 

considered in the end for the multivariate analysis. Since this ultimately excluded 

the majority of variables from the final analysis, the search for interactions would 

have just increased the complexity of the analysis to impractical proportions. 

Variables were grouped into domains to assess common underlying 

aetiologies. Collinearity was used to search for overlap between variables within 

each domain. The finding of collinearity was expected, thus only one or two of 

the competing variables was chosen to represent each domain. For example, in 

the "demographics" domain, collinearity was found between ethnicity and 

malignancy type. The relatively large number of East Indian patients that were 

transplanted for beta-thalassernia (5 of the 6) likely explains this collinearity. 

Another example that showed collinearity was in the ''tmmplant factors" domain 



between category of transplant and type of transplant. This was expected because 

matched unrelated donor transplants were all bone marrow transplants and almost 

all autologous transplants used peripheral blood stem cells. In the "health status 

in the 30 days prior to transplant" domain, diarrhea, fever and TPN pre-transplant 

all had small p-values in the univariate analysis. Cross-tabulating these variables 

with each other exhibited plausible collinearity between diarrhea and fever and 

between fever and TPN pre-transplant. The Fisher's exact test p-values were 

0.084 and 0.099 respectively, with a one-sided test of 0.053 for both comparisons. 

For the purposes of multivariate analysis, only one of the three variables was kept 

in for the final model. Among the variables in the "induction chemotherapy" 

domain, collinearity was found between busulfan and busulfan plus 

cyclophosphamide. This was most likely due to the busulfan plus 

cyclophosphamide variable comprising 17 of the 25 busulfan receiving 

transplants. 

Collinearity was not found between all of the variables within each 

domain. If no collinearity between variables was demonstrated, this signified that 

there was a slightly different cause in each variable being measured within that 

domain. For example, in the "medical history" domain collinearity was not 

shown between a positive history of pancreatitis and prior history of liver disease. 

One could hypothesize that since the liver and pancreas are connected together by 

the biliary system, it would be reasonable to suspect that disease in one organ 

might affect the other. Yet, this was not found in this patient population. No 

collinearity was found between fludarabine and busulfan or fludarabine and the 

combination of busulfan plus cyclophosphamide. For that reason, fludarabine 



plus one of the busulfan variables was used for the multivariate analysis. Finally, 

there was no collinearity between the two categorical variables, GVHD 

prophylaxis and antifungal prophylaxis, in the "prophylactic medications" 

domain. 

4.4.1 Multivariate analysis tables: 

Both forward and backward stepwise regression modelling was used to 

develop the final multivariate regression models. Multiple models were generated 

based on the clinical weighting established for each variable. Substitution of one 

variable for another that represented a similar underlying aetiological process 

within a domain was performed to explore possible alternative explanations for 

the data. 

The following tables examined two possible multivariate analysis models 

when only one interchange of a competing variable was made. One model used 

the induction agent, "busulfan", as its competing variable (table 26) while the 

other model used the combination, '%usulfan plus cyclophospharnide", for 

comparison (table 27). Only one of the two induction medication variables could 

be used at one time in the final model of the multivariate analysis because 

collinearity exists between them. This means that neither variable would remain a 

significant predictor if the other was present in the model. The choice of 

induction medication variables did affect the odds ratios and 95% confidence 

intervals of the other variables but it did not affect the inclusion or exclusion of 

the other variables. The final model containing the "induction with busulfan" 

variable was ultimately considered the prime final model. This was based on two 



reasons. First, the "busulfan" variable included the '%usulfan plus 

cyclophosphamide" data points and therefore, was more inclusive of a wider 

variety of transplants. This makes it a more applicable predictive tool for any 

heterogeneous population of patients planning to undergo a HSC transplant. The 

induction chemotherapy combination "cyclophosphamide plus busulfan" is 

currently limited to infants, patients with acute myelogenous leukemia (AML), 

thalassemia and metabolic diseases. This group of diagnoses makes up only a 

very small portion of the total pediatric population that would undergo a HSC 

transplant. Therefore, using a predictor that would include a larger proportion of 

prospective HSC transplant recipients would have greater utility and practicality. 

Second, the "busulfan" variable affected the coefficients and standard errors of 

the other variables to a lesser extent than the '%usulfan plus cyclophosphamide" 

variable did during the model building process. 

However, as tables 26 and 27 demonstrate, either of the induction 

chemotherapy variables could have been used in the multivariate analysis without 

significant alteration of the final model. 

The four variables that constituted the first final multivariate model were 

type of transplant, positive CMV serology prior to transplant, TPN provided in the 

30 days prior to transplant and induction with busulfan. Each of these variables 

had a small p-value in the univariate analysis and came fiom a different domain. 

See table 26 below. 



Variable Name 

Type of transplant 
- autolo~ous - as baseline 
- parental 
- sibling 
- matched unrelated donor 

Induction with busulfan 

Table 26. Example of a possible final model for the prediction of the development 
of VOD in pediatric HSC transplantation recipients transplanted between January 
1993 and June 2000. 

Odds 
Ratio 

Positive CMV serology 
TPN provided pre-transplant 

The alternative final multivariate model consisted of the variables type of 

5.21 
4.58 
6.53 
3.85 

transplant, positive CMV serology prior to transplant, TPN provided in the 30 

95% Confidence 
Intervals 

3 .03 
3 -40 

days prior to transplant and induction with busulfan plus cyclophosphamide. The 

p-value 

0.99,27.50 
0.98,21.43 
1.47,28.96 
1.26. 11 .SO 

use of "induction with busulfan plus cyclophosphamide" instead of "induction 

0.052 
0.053 
0.014 
0.018 

1.13,8.13 
1.17,9.86 

with busulfan" was valid too and resulted in a very similar final multivariate with 

0.028 
0.025 

only minor changes to the odds ratios and 95% confidence intervals of the other 

variables. See table 27 below. 



Table 27. Example of a possible final model for the prediction of the development 
of VOD in pediatric HSC transplantation recipients transplanted between January 
1993 and June 2000. 

Variable Name 

Type of transplant 
- autologous - as baseline 
- parental 
- sibling 
- matched unrelated donor 

Induction with busulfan plus 
cyclophosphamide 
Positive CMV serology 
TPN provided pre-transplant 

Other possible multivariate models did fit the data from this cohort study. 

These other models are listed in appendix 5. Substitutions of one variable at a 

Odds 
Ratio 

4.71 
3.86 
5.71 
4.08 

2.82 
3.07 

time yielded similar models that, statistically, were as valid as the two previous 

models described above. However, the first two models discussed above 

95% Confidence 
Intervals 

0.89,24.98 
0.81, 18.36 
1.29,25.22 
1.23, 13.49 

1.07, 7.46 
1.05, 8.94 

exemplified the greatest clinical sense and utility. 

p-value 

0.069 
0.900 
0.02 1 
0.021 

0.037 
0.040 

One of the uses of this study was to develop a sense of the probability of 

VOD development in fbture pediatric HSC transplant recipients based on the 

results of previous events. By using and interchanging the variables from table 26 

in different combinations, a reasonable probability of the development of VOD in 

patients about to undergo HSC transplantation can be made. For example, any 

patient about to undergo an autologous transplant has a 2% probability of 

developing VOD (0.0196). However, if he or she is CMV positive, has induction 

chemotherapy with busulfan and ends up having TPN pre-transplant, then they 

will have a 44% probability (0.443). (See appendix 6). 



On the other hand, if a patient is to undergo a matched unrelated donor 

transplant, their probability of developing VOD to start is slightly higher at 1 1.6% 

(0.1 16). This probability increases to a greater degree with each additional risk 

factor present. So if this prospective patient is also CMV positive, is to undergo 

induction chemotherapy with busulfan and requires TPN pre-transplant then the 

probability increases to 84% (0.839). 

It should be noted that the 95% confidence intervals for the probabilities in 

appendix 6 are very wide due to the small number of patients in each of the strata. 

This will limit the utility of these probabilities in clinical application. 

4.5 Survival Analysis: 

Survival at 100 days post-transplant was measured to determine if the risk 

of mortality was significantly different between transplants that developed VOD 

(VOD(+)) and those that did not develop VOD (VOD(-)). Out of the entire 

population of 142 transplants, 21 did not survive past 100 days. The first death 

occurred 12 days after transplantation and the last two deaths occurred on day 100 

post-transplant. Of these 21 transplants, 11 were female and 10 were male. The 

mean age of the non-survivors was 7.8 years with a standard deviation of 5.1 

years. The median age was 8 years with a range of 1.5 to 17 years. Twenty of the 

21 transplant deaths were Caucasian with the one non-Caucasian transplant being 

of East Indian descent. Among the 121 surviving transplants, the mean age was 

8.76 years, with a standard deviation of 5.07 and a median of 9.5 years. The 

survivors' ages ranged fiom four days to 17.5 years. 



The Log-Rank test for equality of survival functions compared the 

VOD(+) and VOD(-) transplant survival curves and found them to be 

significantly different, having a p-value of < 0.001. The survival curves did not 

cross beyond the first two deaths and in fact, separated increasingly over the 100- 

day follow-up. See figure 6 below. Figure 6 portrays an increased risk of 

mortality during the 100 days post-transplant if a transplant had developed VOD 

compared to a transplant that had not developed VOD. The hazard ratio was 4.97 

with a 95% confidence interval of (2.1 1, 11.71). The p-value was less than 0.001 

and the standard error was 2.18. 

Kaplan-Meier survival estimates, by VODDXYES 

Figure 6. Comparison between VOD(+) fraction of patients' survival curve 
(VODDXYES 1) to VOD(-) fraction of patients' survival curve (VODDXYES 0) 
in pediatric HSC transplant recipients from January 1993 to June 2000. 
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Ten of the 26 VOD(+) transplant deaths (38.5%) occurred within the first 

100 days post-transplant, compared to 11 of the 116 VOD(-) transplants (9.5%). 

This can be restated in terms of survivor function comparing VOD(+) transplants 

to VOD(-) transplants at 100 days. The survivor function found that 90.5% of 

VOD(-) transplants survived past 100 days, in contrast to VOD(+) transplants 

where only 61.5% survived past 100 days. 

The proportion of transplant deaths within 100 days post-transplant was 

then correlated to VOD status. The proportions were indeed different, with a 

Fisher's exact test p-value of 0.001. This finding implies that patients who 

developed VOD following HSC transplantation had a significantly lower survival 

rate over the first 100 days post-transplant compared to those patients that did not 

develop VOD. 

Another issue taken into consideration was that of "competing risks for 

survival". This issue looks at causes of death from competing causes that may 

have precluded the patient fiom developing the outcome of interest. In this study, 

the alternate causes of death that may have precluded the patient from developing 

VOD were death from sepsis, graft-versus-host disease or toxicity from 

chemotherapy. Due to the small number of transplant deaths in this study, no 

formal assessment or modelling of competing risks for survival was done. 

The causes of death among the 21 transplants that died included seven due 

to infection, five due to relapse of their disease, three due to or related to VOD, 

two due to chemotherapy toxicity, two due to multi-organ dysfunction, one due to 

a new tumor developing, one due to graft-versus-host disease and one was lost to 

follow-up and died fiom unspecified causes. 



4.6 Summary of Results: 

The incidence of VOD in this population was 18.3%. The variables that 

were identified as important risk factors for the development of VOD in the 

univariate analysis were type of transplant, history of pancreatitis, positive pre- 

transplant CMV serology in the recipient, diarrhea pre-transplant, fever pre- 

transplant, TPN pre-transplant, induction with busulfan, induction with 

fludarabine, induction with busulfan plus cyclophosphamide and GVHD 

prophylaxis. Stepwise multivariate modelling produced several similar 

competing models. The one chosen to represent the data included type of 

transplant, induction with busulfan, positive CMV serology pre-transplant and 

TPN provided pre-transplant. The 100-day survival analysis found that the 

mortality in the first 100 days was higher for the VOD positive group than for the 

VOD negative group. 



CHAPTER FIVE: DISCUSSION 

5.1 Introduction: 

This historical cohort study investigated the incidence, risk factors and 

resultant 100-day survival of pediatric HSC transplant recipients for the 

development of VOD over a seven and a half year period. This is the first study 

to assess a very heterogeneous pediatric patient population with respect to 

underlying diseases and induction chemotherapies. 

5.2 Major Findings: 

5.2.1 Incidence of Veno-Occlusive Disease: 

The overall incidence of VOD in this mixed pediatric HSC transplant 

population fell mid-range between the recorded incidences found in earlier 

studies. These studies reported incidences of VOD ranging from 1.2% to 28% (1 - 

8). The differences in their incidence rates were likely due to patient population 

characteristics and/or chemotherapeutic induction regimens. Most of these 

studies looked at very defined patient populations with respect to either the type 

of malignancy transplanted for and/or the chemotherapeutic induction regimen. 

They also had emphatically greater homogeneous patient populations, compared 

to the heterogeneous group of patients in this study. As a result, the investigators 

of these other studies could only generalize to other patients with the same 

condition and/or chemotherapeutic induction regimen. This was a benefit to other 

patients with that specific condition, however, it restricted the authors from 

readily generalizing their findings to other patients with different diseases and/or 

induction regimens. The design of this study, with its broader patient parameters, 



was a uselid interim step to allow a general prediction to those who do not fit into 

any previously studied group and may be useful until further studies on all of the 

various patient populations is performed. 

As stated above, this current study calculated an incidence of VOD "mid- 

range" between documented incidences from previous studies. This is likely due 

to the different combinations of patients and induction chemotherapy regimens 

fiom prior studies having risk factors of varying degrees of propensities towards 

developing VOD. Due to the small number of patients that had any specific 

profile of underlying disease and induction chemotherapy in this study, no direct 

comparisons with other studies were attempted. Trying to divide the current 

cohort population into subgroups to reflect previous study populations resulted in 

an insufficient number of patients, which did not allow any meaningful 

comparisons to be made. An effort was made at comparing this study to one of 

the previously published pediatric studies that had some heterogeneity in their 

population (4), but the number of patients that could be stratified was too small 

(the other study had only hematological diseases as their reason for 

transplantation). 

The pattern of changes in the incidence of VOD fiom year to year that this 

study uncovered was a curious finding. This incidence of VOD ranged fiom 

1 1.1% to 53.3% for the stated full calendar years that the study surveyed. As to 

why there was such a discrepancy in the incidence of VOD between each year 

was not clear. The year with the highest incidence (1994) was therefore 

thoroughly searched for any clues that might explain these differences. In 1994, 

there were a total of eight citable cases, of which six occurred over a 5-month 



period. There were no apparent changes or inconsistencies in patient care or in 

documentation of VOD criteria. Nor, were there any striking similarities or 

distinct differences amongst the patients during this period of time versus the rest 

of the transplants for that year with respect to induction medications, type of 

transplant or underlying disease. 

This study separates itself from other studies with its heterogeneous 

population of patients and induction regimens. This study was an attempt to 

provide an informed overall risk of VOD to all pediatric patients that underwent 

HSC transplantation at our institution. This, in turn, may be used to make general 

predictions for VOD in future applicable patients, until studies are available to 

predict the risk of development of VOD in each individual underlying malignancy 

or non-malignant disease. 

5.2.2 Summary of Risk Factor Analysis: 

Risk factors for the development of VOD, in this heterogeneous group of 

pediatric HSC transplant patients, were grouped into domains to help avoid the 

problem of multiple comparisons. With the large number of variables being 

investigated, there was a high probability that some variable would appear to be 

significant by chance alone. By using the arbitrary cut-off point of 0.05 for the p- 

value, the expected number of variables that might have had a value more extreme 

than 0.05 was one in 20. Since 68 different variables were evaluated in this study, 

three to four variables might have been expected to have a p-value of less than 

0.05 by mere chance alone. A more stringent arbitrary p-value could have been 

used, but since this was an exploratory process, the over-inclusion of possible 



variables was deemed to be more important than the exclusion of erroneous ones. 

Moreover, grouping the variables and selecting only one or two variables from 

each domain made it less likely to have any one specific variable chosen for the 

final model building process. 

Clinical and statistical criteria were used to assess every variable within 

each domain. When several variables with small p-values appeared within a 

specific domain, a clinical decision was made as to which variable would be used 

to represent that domain. When there were two or more clinically sound variables 

with small p-values present within a given domain, two variables were chosen for 

possible inclusion into the final model. 

5.2.2.1 Univariate analysis findings: 

The identification of risk factors from this historical cohort was an 

exploratory endeavour. As such, the p-value used as an arbitrary cut-off for 

identifying potentially significant risk factors was 0.05. A more rigorous p-value 

was not chosen because of the decision made prior to the start of the study, to 

preferably be overly inclusive with respect to potential risk factors rather than to 

erroneously exclude true risk factors implicated in the development of VOD. 

The variables that were identified as potential risk factors for the 

development of VOD are listed in table 25. A total of 10 univariate risk factors 

were identified from six different domains. 

The categorical variable, "type of transplant", represented the transplant 

factors domain. Autologous transplant was the baseline category. Compared to 

this baseline, a matched unrelated donor transplant had an increased odds of 



developing VOD of 4.8 times compared to having had an autologous transplant, 

assuming all other factors were equal. This finding has been similarly described 

in adult but not pediatric HSC transplant patients (46). The underlying reason as 

to why matched unrelated transplants are at higher risk for developing VOD is 

related to the immunological stimulation that the body elicits from the new 

hematopoietic stem cells. These new stem cells recognize the tissues of the 

patient as foreign and act against them in a similar manner to graft-versus-host 

disease. As a result, autologous or familial donors are sought out first before 

matched unrelated donors are used. 

The medical history domain was represented by the variable, "history of 

pancreatitis". This variable had an odds ratio of 3.57 with a 95% confidence 

interval of 1.14 to 1 1.13. Of note, the cholestasis category of the "previous liver 

disease" variable had an odds ratio of 4.50, but its 95% confidence interval was 

0.88 to 22.91. (See appendix 3.) Prior to analysis, "previous liver disease" was 

expected to be the stronger predictor of the two. However, since the 95% 

confidence interval crossed 1.00 for the "previous liver disease" variable, the 

"history of pancreatitis" variable was identified as the predictor for the univariate 

analysis with the stronger level of confidence. 

"Positive CMV serology" in the recipient pre-transplant represented the 

viral serology domain. The odds of developing VOD with a positive CMV 

serology pre-transplant was 2.93 times the odds of developing VOD in a negative 

CMV serology pre-transplant. This was a new finding for a pediatric HSC 

transplant population. The question as to why a positive CMV serology would 

increase the risk for the development of VOD then needed to be addressed. One 



plausible explanation is that this hepatotoxic virus might reactivate during the 

period of profound immunosuppression (of the transplantation process) and either 

cause direct damage to hepatocytes or vascular epithelium or cause damage 

indirectly, secondary to cytokine activation. 

Three variables were identified as possible risk factors in the health status 

in the 30 days prior to transplant domain. The first variable was "fever7' with an 

odds ratio of 2.87 and a 95% confidence interval of 1.15 to 7.12. Since fever is 

only a symptom, it could have been indicative of many causes such as an 

infection, febrile neutropenia, other illnesses or underlying diseases. This 

variable, a very broad indicator of an individual's state of health, could not be 

specific for any particular aetiology except to conclude that the patient's health 

was not considered optimal during the 30 days going into transplant. 

The second variable identified was "diarrhea". In its binary 

transformation, it represented the presence (from any cause) or absence of 

diarrhea in the 30 days prior to transplant. Its odds ratio was 3.19 with a 95% 

confidence interval of 1.1 1 to 9.15. The diarrhea could have been fiom an 

infectious or medication related aetiology. In either case, the patient would not 

have been in optimal health, which was what the domain was trying to assess. 

"TPN pre-transplant" was the third variable in this domain. Upon 

inspection of the data, TPN was provided to patients only in the week preceding 

the HSC transplant. Thus, this variable was more indicative of the individual's 

health status immediately prior to the HSC transplant than the other variables in 

this domain. The most common reason for providing TPN was the patient's 

inability to take in their caloric requirements orally. This inability was usually the 



result of severe nausea, vomiting, anorexia, or mucositis caused by the induction 

medications. These adverse reactions from the induction chemotherapy 

medications (such as cyclophosphamide), could have contributed to the 

underlying aetiology of why TPN provided pre-transplant was associated with an 

increased odds of developing VOD or it could have been related to intrinsic 

properties of the TPN that is known to cause cholestasis and liver disease. 

The induction chemotherapy domain also had three variables associated 

with an increased odds ratio for the development of VOD. The first was 

"fludarabine" with an odds ratio of 4.04 and a 95% confidence interval of 1.003 to 

16.24. Fludarabine is an adenosine analogue that is phosphorylated to its active 

form (2-fluoro-9-P-arabinofuranosyladenine (F-araA)) by deoxycytidine kinase 

once it is inside the cell. Phosphorylation is necessary for the cytotoxic and 

therapeutic activity of fludarabine. Of note, mutant cell lines that lack 

deoxycytidine kinase are resistant to the cytotoxic and therapeutic activity of the 

active metabolite. More efficient intracellular transport and increased 

phosphorylation of the active metabolite (F-araA) are potential mechanisms for 

the toxicity of fludarabine to leukemic lymphocytes as opposed to healthy tissues 

(47). Fludarabine is also cytotoxic to cells with very low growth fractions such as 

indolent lymphoma and normal tissue. The proposed mechanisms by which 

fludarabine induces cell death among quiescent cells include inhibition of RNA 

polyrnerases, depletion of nicotinamide adenine dinucleotide (NAD) with 

resulting decrease in cellular energy stores and interference with normal DNA 

repair processes. Treatment with fludarabine on quiescent cells may cause an 

increase in DNA strand breaks leading to activation of a repair polymerase (poly- 



ADP-ribose polymerase). This activation leads to lethal depletion of cellular 

NAD and ATP-triggering programmed cell death (apoptosis) (47). This 

intracellular dysregulation of energy metabolism may also put cells at risk for 

insults from other medications or their metabolites. 

"Busulfan" was the second induction medication found on univariate 

analysis to be a potentially significant risk factor for the development of VOD. 

Busulfan's odds ratio was 2.59 with 95% confidence intervals of 0.97 to 6.89. 

Although its 95% confidence intervals did include 1.00, this variable had been 

found to be a significant risk factor for the development of VOD in other studies 

(6,lO). The proposed mechanism by which busulfan may increase the risk of 

VOD is through glutathione depletion at high doses (48). A previous study found 

that a greater area under the curve after medication dosage was significantly 

correlated with an increased risk of developing VOD (49). 

The induction chemotherapy variable "busulfan plus cyclophosphamide" 

had an odds ratio of 3.91 with 95% confidence intervals of 1.32 to 1 1.53. This 

combination induction chemotherapy regimen had been previously investigated in 

one pediatric study, which found a 28% incidence of VOD (2). In that study, it 

was proposed that an interaction between cyclophosphamide and busulfan 

increased the toxicity of busulfan and increased the risk of developing VOD (2). 

Studies in vitro that have investigated the effects of this combination have found 

that busulfan influences the metabolism of cyclophosphamide, which increases 

the relative concentrations of cyclophosphamide's toxic metabolites and have 

shown that a greater area under the curve for these metabolites is associated with 

the development of VOD (5 1,52). 



The prophylactic medications domain was represented by the "graft- 

versus-host disease prophylaxis" variable. This categorical variable used no 

GVHD medications as a baseline with methotrexate plus cyclosporine and 

cyclosporine alone as the comparison categories. Both comparison categories 

were associated with increased odds of developing VOD compared to no 

medications with odds ratios of 3.32 (1.01, 10.98) and 4.22 (1.18, 15.14) 

respectively. Whether the increased odds of developing VOD were related to 

receiving cyclosporine or the type of transplant the patient received was not clear. 

"GVHD prophylaxis" may have been associated with the development of 

VOD through the type of transplant the patient received. In patients with 

autologous transplants, no GVHD reaction should have occurred because they did 

not receive foreign stem cells and prophylactic medications should not have been 

needed. Therefore, the "GVHD prophylaxis" variable may actually have only 

been a surrogate marker for the "type of transplant" variable, which was 

determined earlier as a risk factor for the development of VOD. This suspicion 

was further supported by the finding of collinearity between the "type of 

transplant" variable and "GVHD prophylaxis" variable indicating that these two 

variables were almost interchangeable in the multivariate analysis. As a result of 

finding collinearity between these two variables, an alternative final multivariate 

model was created substituting "GVHD prophylaxis" for "type of transplant". 

Cyclosporine had not been previously associated with the development of 

VOD. Its mechanism of action is through the inhibition of calcineurin. 

Cyclosporine combines with cyclophilin to bind to the calcineurin receptor. By 

inhibiting the calcineurin receptor, expression of several cytokine genes are 



impaired that normally promote T-cell activation. The end result is that T-cell 

proliferation is inhibited with a resultant effect of immunosuppression (50). 

Extra univariate variables, in addition to the ones described above, were 

selected for multivariate analysis based upon clinical suspicion that they could be 

significant risk factors when put into a multivariate model. An arbitrary cut-off of 

0.160 was used to allow at least one variable from each domain to be included in 

the stepwise multivariate analysis (discussed below). 

5.2.3 Stepwise multivariate analysis: 

Forward and backward modelling was performed utilizing a combination 

of clinical, theoretical and statistical significances. This generated a competing 

group of likely final models based on the information fiom this cohort population. 

Multiple models were created because there was no one "correct" model to 

explain the data. When utilizing information &om a database, one must remain 

cognisant of the fact that a similar patient population may yield slightly different 

findings even if the same variables and techniques are used. Therefore, 

generating multiple potential models adds to the generalizability of the findings to 

other similar populations. However, the choice of a final model must take into 

account pathophysiological sense, clinical relevance and statistical significance in 

order to have a useful final model for prediction of the outcome variable. 

The model chosen as the most appropriate for this cohort had the 

following variables; type of transplant, positive CMV serology, TPN provided 

pre-transplant and induction with busulfan. This model was chosen over the 

multivariate model consisting of type of transplant, positive CMV serology, TPN 



provided pre-transplant and induction with busulfan plus cyclophospharnide 

because the variable with busulfan alone was more widely encompassing which 

contained the busulfan plus cyclophosphamide group as well. Thus, this makes 

the "busulfan" variable more applicable to a larger group of patients in a 

heterogeneous pediatric population about to undergo HSC transplantation. In 

addition, this model was more statistically stable with little change in the 

coefficients of the variables in the final model, when building the final model and 

in comparison to the univariate analysis. 

5.2.4 Survival Analysis: 

The survival analysis compared the 100-day survival of transplants that 

developed VOD versus those that did not develop VOD. There were 21 deaths in 

the first 100 days post-transplant with 10 occurring in the VOD positive group 

and 11 in the VOD negative group. The Log-Rank test found each group's 

survival functions to be different with a p-value of < 0.001. The hazard ratio was 

4.97 (2.1 1, ll.71), which meant that the rate of outcome (death) in the VOD 

positive group was almost five times the rate in the VOD negative group with a 

95% confidence interval of 2.1 1 to 11.71 times the risk. The survival curves did 

not cross beyond the first two deaths, which indicated that the survival function 

did not reverse over time and that the risk of death was always greater for the 

VOD positive group compared to the VOD negative group. 

From this survival data one could extrapolate, that if the development of 

VOD increases a patient's risk of death in the first 100 days post-transplant, then 



decreasing the risk factors for VOD should therefore improve the 100-day 

survival in these patients. 

5.3 Bias: 

Internal validity was maintained in this study as the three main types of 

bias were minimized. Selection bias was limited because all patients in the 

defined population during the specified time period were included in the study. 

Information bias was lessened through the minimizing of missing data. 

Differential reporting or recording of data into the charts should not have 

happened, as there were no other concurrent or competing studies, new concerns 

or known impetus to record or collect information regarding VOD di f fmt ly  

over the time period investigated. However, consistent under- or over-reporting 

of specific variables by health care staff may have taken place leading to a bias in 

results. Information previously collected may have had measures of error in it, 

but there was no reason for any systematic error to have occurred leading to 

misclassification of disease. Errors in data entry from the chart review, was a 

concern, as this could have lead to misclassification bias. This concern was 

addressed through the use of pull-downs on the data entry sheets to improve the 

consistency of reporting. As well, random sampling of 10% of the charts for 

accuracy was completed. An error rate of less than 5% for all variables was 

found; verifying that misclassification due to errors in data entry was not a 

significant concern. 



Confounding was reduced by the inclusion of multiple variables that might 

have affected the outcome of interest. The grouping of variables into domains 

was a form of stratification that helped decrease the likelihood of confounding. 

5.4 Limitations: 

The limitations in this study were the missing data, the small number of 

patients that developed VOD and the nature of the study. Missing data is 

potentially the most important limitation to any retrospective chart review. It 

decreases the number of observations available, which decreases the precision of 

the variable's measurement. It also raises the possibility of systematic differences 

in the subjects, with and without the value recorded. Therefore, every effort was 

made to limit the number of missing values, as the validity of findings in any 

study would be questioned if too many values were missing. The second 

limitation of this study was the small number of patients that developed VOD. As 

relatively few patients developed VOD, they constituted only a small sample size 

for comparison to find predictive factors. Small sample sizes can lead to 

imprecise measurements and spurious results, resulting in erroneous conclusions. 

Finally, since this study was exploratory in nature, it will need to be validated 

against prospective data. 



5.5 Strengths: 

One strength of this study was the consistency of documentation into the 

charts by a limited number of people over the study protocol period. This reduced 

ambiguity of clinical findings and produced more standardized reporting of 

variables. This, in turn, minimized the problem of missing data and lead to 

greater precision of results. Study efficiency was high because there was a large 

amount of data gathered from each patient. 

This study contributes new and additional information and findings to the 

existing literature regarding VOD in a mixed North American Pediatric HSC 

post-transplant population. The variety of indications for HSC transplantation, 

induction regimens and previous therapy will more closely reflect populations in 

other centres which increases the utility and value of the 100-day survival 

findings. 

A third advantage was the strong multi-disciplinary team that was brought 

together to investigate this problem. Oncology and gastroenterology team 

members who deal clinically with the problem of VOD were recruited along with 

an epidemiologist and biostatistician to address this issue collaborating expertise 

from their respective fields. The investigators contributed different perspectives, 

questions and interests to the study, which broadened and ensured a thorough 

investigative process. 

The final major strength of this study was the finding of two new putative 

risk factors, TPN pre-transplant and positive CMV serology in the transplant 

recipient, in this pediatric hematopoietic stem cell transplantation population. 



This study will aid in future prospective studies from its identification of 

statistically significant risk factors for veno-occlusive disease. 

5.6 Impact on Clinical Care: 

The impact on clinical care fiom this study will be twofold. First, the 

results can be used to identify high-risk patients who are to undergo a HSC 

transplant. Second, it can be used as a guide for clinicians to help counsel those 

contemplating HSC transplantation and their families as to what the general risks 

in pediatric patients are for developing VOD and for their particular circumstance. 

See appendix 6 .  This study may also alert and raise the profile of this condition in 

the minds of those health professionals caring for patients at risk for this disorder. 

By raising awareness to VOD, closer attention to the signs and symptoms for the 

early detection of VOD in high-risk patients and prompt institution of fluid 

restriction and diuretic therapy may potentially decrease the severity of VOD 

should it occur. 

5.7 Recommendations for future study: 

The results of this study can be used to plan new prospective studies that 

alter modifiable risk factors (such as the induction chemotherapy regimen or the 

provision of TPN prior to transplant), and assess if altering these risk factors does 

have an effect on the incidence of VOD in a pediatric HSC transplant population. 

Other potential lines of investigation that can be derived fiom this study include 

looking for risk factors that affect the 100-day post-transplant survival other than 

the development of VOD. It would be of great benefit to be able to determine and 



then modify risk factors that have an impact on mortality in pediatric patients 

about to undergo HSC transplantation. Techniques similar to the ones used in this 

study could also be used to identify risk factors for other adverse outcomes 

associated with HSC transplantation, such as graft-versus-host disease. 

Finally, prophylactic therapy with ursodeoxycholic acid has been shown to 

be both safe and effective in decreasing the incidence of VOD in the adult HSC 

transplant population (43-45). A double-blind, placebo-controlled trial 

investigating this prophylactic therapy should be performed in pediatric patients 

to see if the same holds true, despite the lack of supportive evidence in the very 

few transplants that received it in this study. 

5.8 Conclusions: 

This study found an incidence of VOD, in the mid-range of incidences 

established in previous studies, at 18.3%. Two new risk factors, TPN provided 

pre-transplant and positive CMV serology, were identified for the development of 

VOD. VOD is a major hepatic complication of HSC transplantation in pediatric 

patients and is associated with an almost five times poorer 100-day survival 

compared to patients that did not develop this complication. 
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APPENDICES: 

Appendix 1: 

Code-book for Veno-occlusive Disease 

Patient Characteristics: 

ID# 
Name 
Age at transplant 
Gender 0-male 1 -female 
Ethnicity 0-Caucasian 1 -Native 2-Asian 

3-African 4-East Indian 
Malignancy 0-no 1-blood 2-solid tumor 3-CNS 
Non-malignant 0-no 1 -heme 2-metabolic 
Type of transplant 0-autologous 1 -sibling 

2-matched unrelated 
3-parental 

Category of HSC Transplant 0-BMT 1 -peripheral blood 
2-cord blood 

HLA mismatch 0-0 1 -one 2- 2 or more 
Time to transplant (mo.) 
Previous transplant 0-no 1 -yes 
Date of transplant 
Previous hepatic metastases 0-no 1 -yes 
Remission status 0-in remission 1 -partial remission 

2-stable disease 
Previous cisplatin 0-no 1 -yes 
Previous carboplatin 0-no 1 -yes 
Previous 6-MP 0-no 1 -yes 
Previous busulfan 0-no 1 -yes 
Previous MTX 0-no 1 -yes 
Previous doxorubicin 0-no 1 -yes 
Previous bleomycin 0-no 1 -yes 
Previous thioguanine (6-TG) 0-no 1 -yes 
No previous chemotherapy 0-no 1 -yes 
Previous hepatobiliary disease 0-no 1 -viral hepatitis 

2-drug induced hepatitis 
3-cholestasis 

Height (cm) 
Weight at Admission (kg) 
Body mass index (BMI) at admission 
BMI at transplant (Day 0) 
Weight at transplant (kg) (Day 0) 
Lowest weight (kg) (post-transplant) 



Antibiotic prophylaxis 0-none 1 -Septra@ 
2-ciprofloxacin 3-metronidazole 

Antifungal prophylaxis 0-no 1 -fluconazole 2-itraconazole 
3-amphotericin B 

Antiviral prophylaxis 0-no 1 -acyclovir 2-ganciclovir 
Ursodeoxycholic acid 0-no 1 -yes 
GVHD prophylaxis 0-no 1 -methobexate 

2-cyclosporine3-Anti-thrombocyte globulin 
Post-transplant GVHD therapy 0-steroids 

1 -thalidomide 
2-FK-506 
3-other 

Anticoagulation (pre-) 0-no 1 -heparin 2-coumadin 
3-tissue plasminogen activator (TPA) 

Anticoagulation (post-) 0-no 1 -heparin 2-coumadin 
3- tissue plasminogen activator (TPA) 

Granulocyte colony stimulating factor (G-CSF) usage (post-) 
0-no 1 -yes 

Length of G-CSF usage (days) 
In the recipient 

Hepatitis A serology (+) 0-no I -yes 
Hepatitis B serology (+) 0-no 1 -yes 
Hepatitis C serology (+) 0-no 1 -yes 
EBV serology (+) 0-no 1 -yes 
CMV serology (+) 0-no 1 -yes 
VZV serology (+) 0-no 1 -yes 
HSV serology (+) 0-no 1 -yes 

Highest level 
i.ALT pre-transplant 

ii.AST pre-transplant 
iii.Bilirubin pre-transplant 
iv.GGT pre-transplant 
v.Alkaline phosphatase pre-transplant 

Highest INR pre-transplant 
Highest PTT pre-transplant 
Lowest Albumin pre-transplant 
Highest level 

i.ALT post-transplant 
ii.AST post-transplant 

iii.Bilirubin post-transplant 
iv.GGT post-transplant 
v.Alkaline phosphatase post-transplant 

Highest INR post-transplant 
Highest PTT post-transplant 
Highest Lipase post-transplant 



57. Lowest albumin post-transplant 

58. History of C. dzficile 0-no 
59. History of pancreatitis 0-no 
60. History of esophagitis 0-no 

Induction with cyclophospharnide 
Induction with busulfan 
Induction with VP- 16 
Induction with thiotepa 
Induction with carboplatin 
Induction with fludarabine 
TBI conditioning 
Abdominal Radiation (non-TBI) 

In the 30 days prior to transplant 
69. Infections (culture positive) 
70. Fever <30 days prior to transplant 
7 1. Febrile neutropenia 
72. Constipation 
73. Diarrhea 
74. Mucositis 
75. Abdominal pain 

76. Nasogastric feeds pre-transplant 
77. Nasogastric feeds post-transplant 
7 8. TPN pre-transplant 
79. TPN post-transplant 
80. Oral feeds pre-transplant 
8 1. Oral feeds post-transplant 

Post-transplantation (Seattle criteria) 
82. Hepatomegaly/RUQ pain 
83. Ascites (clinically or U/S) 
84. 5% weight gain 
85. Jaundice / Bilirubin >34poVL 

86. VOD initially diagnosed 
87. U/S indicative of VOD 

88. Acute GVHD diagnosed (aGVHD) 
89. aGVHD of skin 
90. aGVHD of liver 
9 1. aGVHD of intestine 
92. Biopsy proven aGVHD 

93. Acalculus cholecystitis 0-no 



Esophagitis 
Mucositis 
Diarrhea 0-no 
Constipation 
Abdominal pain 
RUQ pain 
Vomiting 
Typhilitis 
Melena / hematochezia 
Biliary dyskinesis or sludging 
Fever of unknown origin 
Other infections 

ICU transfer 0-no 1 -yes 
Cause for ICU admission 0-VOD 

1 -infection 
2-GVHD 
3-Disseminated intravascular coagulopathy 
4-relapse 
5-Multi-system organ dysfunction (MOD) 

Length in ICU (days) 
ICU outcome 0-survival 1 -death 

Engrafhent 0-no 1 -yes 
Time to Absolute Granulocyte Count > 500 (days) 

Chronic GVHD by 100 days 0-no 1 -yes 
BMI at 100 days 
Alive at 100 days 0-no 1 -yes 
Cause of death 0-VOD 

1 -infection 
2-GVHD 
3-bleedldisserninated intravascular coagulopathy 
4-relapse/progression of disease 
5- Multi-system organ dysfunction (MOD) 

ALT at 100 days 
AST at 100 days 
Bilirubin at 100 days 
Alkaline Phosphatase at 100 days 
Albumin at 100 days 
Lipase at 100 days 



Appendix 2: 

List of Variables created for the Univariate Analysis: 
* Indicates presumptive variables for 
multivariate analysis 

Binary Variables 
1. Gender 
2. *Previous transplant 
3. Hepatic metastases 
4. *Ursodeoxycholic acid use pre-transplant 
5. Anticoagulation given pre-transplant 
6. History of previous C. dzficile infection 
7. History of previous pancreatitis 
8. History of previous esophagitis 
9. Positive hepatitis A serology 
10. Positive hepatitis B serology 
1 1. Positive hepatitis C serology 
12. Positive EBV serology 
13. Positive CMV serology 
14. Positive VZV serology 
15. Positive HSV serology 
16. *Induction with cyclophosphamide 
17. *Induction with busulfan 
18. Induction with VP-16 
19. Induction with thiotepa 
20. Induction with carboplatin 
2 1. Induction with fludarabine 
22. Induction with TBI 
23. Induction with cyclophosphamide + busulfan 
24. Induction with cyclophosphamide -t- fludarabine 
25. Induction with cyclophosphamide + VP-16 
26. Induction with cyclophosphamide + thiotepa 
27. Induction with cyclophosphamide + carboplatin 
28. Induction with cyclophosphamide + TBI 
29. Induction with VP-16 + carboplatin 
30. Induction with VP-16 + TBI 
3 1. *Induction with or history of non-TBI radiation 
32. Infection in the 30 days prior to transplant 
33. *Fever in the 30 days prior to transplant 
34. Febrile neutropenia in the 30 days prior to transplant 
35. Constipation in the 30 days prior to transplant 
36. Diarrhea in the 30 days prior to transplant 
37. Mucositis in the 30 days prior to transplant 
38. Abdominal pain in the 30 days prior to transplant 
39. PO feeds in the 30 days prior to transplant 
40. NG feeds in the 30 days prior to transplant 
41. *TPN feeds in the 30 days prior to transplant 



42. Hepatomegaly development post-transplant 
43. Ascites development post-transplant 
44. 5% weight gain development post-transplant 
45. Jaundice development post-transplant 
46. Previously received cisplatin 
47. Previously received carboplatin 
48. Previously received 6-MP 
49. Previously received busulfan 
50. Previously received MTX 
5 1. Previously received doxorubicin 
52. Previously received bleomycin 
53. Previously received 6-TG 
54. *Underlying etiology was non-malignant versus malignant 

Categorical Variables 
1. Ethnicity 
2. *Type of underlying malignancy 
3. *Type of transplant 
4. *Category of transplant 
5 .  *Type of previous liver disease 
6. PCP prophylaxis 
7. Antibiotic prophylaxis 
8. Antifungal prophylaxis 
9. Antiviral prophylaxis 
10. GVHD prophylaxis 
1 1. HLA mismatch 
12. Anticoagulation given pre-transplant 
13. Type of diarrhea pre-transplant 

Continuous Variables 
1. Time to transplant 



Appendix 3: 

Univariate analysis of proposed risk factors divided into domains with 
conversions of continuous variables and categorical variables into appropriate - -  - 
forms for comparison with original form of the iariable. 

I -East Indian 1 4.52 1 0.86.23.85 1 0.075 

Variable Name 

Demographics 
Ethmcity - Caucasian as baseline 

I Gender I 1 0.322 
I Transdant factors I I I 

Odds 
Ratio 

I Malignancy type -solid tumor as baseline I 

95% 
Confidence 
Intervals 

Previous Transplant - no as baseline 
-Yes 

P- 
value 

2.83 

-CNS tumors 
-Hematological tumors 
-Non-malignant aetiologies 

Non-malignancy - malignancy as baseline 
Type of transplant -autologous as baseline 

-Parental 

[ Type of transplant (binary) 1 3.88 1 1.10, 13.73 1 0.035 

0.86.9.30 

3.33 
2.97 

-Sibling 
-Matched unrelated donor 

Category of transplant - peripheral blood 
stem cell as baseline 

0.086 

1.25 

4.64 

I -Bone marrow 1 1.87 1 0.78.4.47 1 0.158 

0.45,24.44 
0.82, 10.81 

2.89 
4.8 1 

0.236 
0.099 

0.19, 8.27 

0.98.22.01 

0.817 
0.3 1 1 

0.053 
0.71, 11.74 
1.21, 19.15 

Remission status - remission as baseline 
-Partial remission 

0.138 
0.026 

0.891 
-Relapse 
-Stable disease 

0.297 
0.921 

Time to transplant 
-as a continuous variable 0.923 
-as a binary variable 
-as a categorical variable 

(<6 mo as baseline) 
- 12 to 24 months 
-=eater than 2 vears 

0.971 
0.653 

0.892 
0.989 

(>2 yr as baseline) 
-less than 6 months 

I HLA mismatch - zero as baseline 

0.989 
-6 to 12 months 
- 12 to 24 months 

0.680 
0.905 



1 -2 mismatches I I 1 0.353 
-3 mismatches 

Medical History 
Previous liver disease - none as baseline 

. .- - - 

0.609 

-Cholestasis 
-Drug hepatotoxicity 

History of C. difJicile 
History of vancreatitis 
History of hepatic metastases 
Viral Serolom (in the Reci~ient) 

4.50 
1.47 

3.57 
-- 

0.617 

Hepatitis A (+) 
Heaatitis B (+) 

0.897 
0.655 

Hepatitis C (+) 
Epstein-Ban: Virus (EBV) (+) 
Cvtomerralovirus (CMV) (+) 

Health Status in the 30 days Prior to 
Transdant 

0.88,22.91 
0.59, 3.67 

1.14. 11.13 

Varicella zoster virus (VZV) (+) 
Hemes Simvlex virus (HSV) (+) 

0.070 
0.413 
0.534 
0.029 

2.93 
0.5 13 
0.713 

Diarrhea pre-transplant 
(Binarv) 

I Fever pre-transplant 

1.23.7.01 

(Categorical) - none as baseline 
-Non-classified diarrhea 

Infection me-transvlant 

I Febrile neutropenia pre-transplant 

0.784 
0.918 
0.015 

3.19 

I Constipation me-transplant 

2.74 
2.01 

Mucositis pre-transplant 
Abdominal pain me-transdant 

1.11.9.15 

I PO feeds are-transalant 

0.03 1 

0.92,8.18 
0.77. 5.24 

0.940 
PFP 

0.072 
0.153 

NG feeds pre-transplant 
TPN feeds pre-transplant 
Induction Chemotherapy 
Cyclophosphamide 
Busul fan 
VP-16 
Thiotma 

3.00 

2.59 
0.609 
0.479 

Fludarabine 
Total Bodv Irradiation (TBn 

) Cyclophosphamide + Thiotepa 1 0.405 

Non-TBI irradiation (non-TBI) 
Cyclophosphamide + Busulfan 
Cyclophosphamide + Fludarabine 
Cvcloahos~hamide + VP-16 

1.19,7.57 

0.97.6.89 

4.04 

0.344 
0.020 

0.494 
0.057 

3.91 
3.65 

1.003, 16.24 0.049 
0.290 

1.32, 11.53 
0.77, 17.43 

PFP 
0.014 
0.1 04 
0.975 



Cyclophosphamide + TBI 
VP-16 + Carbodatin 
VP-16 + TBI 
Previous Chemotherapy 
Cisulatin 
Carboplatin 
6-Merca~to~urine (6-MP) 

I Busulfan 
Methotrexate 
Doxorubicin 
Bleomycin 
6-Thioeuanine (6-TG) 

PFP 
0.647 

Prophylactic Medications Given During 
Transplant Process 
PCP prophylaxis - Trimethoprim 
sulfamethoxazole (Satram) as baseline 

Antibiotic prophylaxis -none as baseline 
-Ci~rofloxacin + Metronidazole + IVIG 
-Ciprofloxacin IVIG 
-Metronidazole * IVIG 
-WIG alone 

Antifungal prophylaxis - none as baseline 
-Amuhotericin B 

-1traconazole 
Antiviral uro~hvlaxis - none as baseline 

-Acyclovir 
GVHD ~ro~hvlax is  

0.789 
None 

I -Methohexate + Cyclosporine 
I -Cvclosuorine alone 
I Ursodeoxvcholic acid 
Anticoagulation with heparin 
Laboratorv Values Pre-trans~lant 

PFP 

ALT 
AST 
Bilirubin 
GGT 

Note: PFP = predicts failure to develop VOD perfectly, PSP = predicts success to 
develop VOD perfectly 



Appendix 4: 

Potential predictive risk factors for the development of 
VOD arranged in domains with a p-value cut-off of 0.160. 

I Ethnicity 4.52 1 0.86,23.85 1 0.075 1 

Variable Name 

Demographics 

Malignancy type 
- Solid tumors - as baseline 

Odds 
Ratio 

Transplant Factors 
Previous Transvlant 

95% 
Confidence 
Intervals 

2.83 

- CNS tumors 
- Hematologic malignancies 

P-value 

- Non-malignant aetiologies 
Type of transplant 

0.86.9.30 

3.33 
2.97 

- Autologous - as baseline 
- Parental 
- Sibling 

Medical history 
Previous liver disease 

0.086 

1.25 

- Matched unrelated donor 
Type of transplant (binary) 

- None- as baseline 

0.45,24.44 
0.82, 10.81 

4.64 
2.89 

0.236 
0.099 

0.19, 8.27 

4.81 
3.88 

I Historv of ~ancreatitis 1 3.57 1 1.14. 11.13 1 0.029 1 

0.817 

0.98,22.01 
0.71, 11.74 

- Cholestasis 
- Drug induced hepatotoxicity 

0.053 
0.138 

1.21, 19.15 
1.10, 13.73 

Health Status in the 30 days Prior 
to trans~lant 

0.026 
0.035 

4.50 
1.47 

Viral Serology (in the Recipient) 
Positive CMV serolow 

As a categorical variable 
- None - as baseline 

0.88,22.91 
0.59,3.67 

2.93 

Diarrhea 
As a binarv variable 

0.070 
0.413 

1.23.7.01 

3.19 

- Non-classified diarrhea 
Infection 
Fever 
TPN 

Induction Chemotherapy 

) Busulfan + Cyclophosphamide 3.91 1.32, 11.53 1 0.014 1 

0.015 

Busulfan 
Fludarabine 

1.11. 9.15 

2.74 
2.01 
2.87 
3 .OO 

0.03 1 

2.59 
4.04 

0.92, 8.18 
0.77, 5.24 
1.15, 7.12 
1.19, 7.57 

0.072 
0.153 
0.023 
0.020 

0.97,6.89 
1.003. 16.24 

0.057 
0.049 



Prophylactic Medications given 
during Transplant Process 

Antifungal prophylaxis 

Previous Chemotherapy 
Cisplatin 

I GVHD prophylaxis I 

0.34 

- None - as baseline 
- Amphotericin B 
- Fluconazole 
- Itraconazole 

0.07, 1.53 

2.03 
0.58 
8.13 

- None - as baseline 
- Methotrexate + Cyclosporine 
- Cyclosporine 

Laboratory Values Pre-transplant 
ALT 
GGT 

0.159 

0.33, 12.17 
0.22, 1.54 
0.69,95.77 

3.32 
4.22 

0.993 
1 .004 

0.437 
0.274 
0.096 

1.01, 10.98 
1.18, 15.14 

0.984, 1.002 
1 .OOO, 1.008 

0.049 
0.027 

0.109 
0.082 



Appendix 5: 

Alternative multivariate analysis tables: 

I TPN provided pre-transplant 1 3.59 1 1.25, 10.30 1 0.017 1 

Variable Name 

Type of transplant (binary) 
Induction with busulfan 
Positive CMV serology 

5a. Multivariate analysis using "busulfan" with "type of transplant (binary)" 
substituted in for "type of transplant". 

Odds 
Ratio 
5.49 
3.73 
3.05 

I Type of transplant (binary) 1 4.81 1 1.22, 19.02 1 0.025 1 
Variable Name 

1 Induction with busulfan plus 1 3.87 1 1.19,12.61 10 .025 1 

95% Confidence 
Intervals 
1.40,21.59 
1.22, 1 1.37 
1.16, 8.07 

p-value 

0.01 5 
0.021 
0.024 

Odds 
Ratio 

I TPN provided pre-transplant 1 3.28 1 1.14, 9.41 1 0.027 1 

cyclophosphamide 
Positive CMV serolow 

5b. Multivariate analysis using "busulfan plus cyclophosphamide" with "type of 
transplant (binary)" substituted in for "type of transplant". 

95% Confidence 
Intervals 

p-value 

2.87 1-10. 7.46 0.03 1 



I Variable Name 

I Twe of transolant 
- autologous - as baseline 

- sibling 
I - matched unrelated donor 
Induction with busulfan 
Positive CMV serolow 
Antifungal prophylaxis - none as 
baseline 

- Amphotericin B 
- Fluconazole 

I - Itraconazole 

5c. Multivariate analysis using "busulfan" with" antifungal prophylaxis" 
substituted in for "TPN provided pre-transplant". 

Odds 
Ratio 

Variable Name 

Tme of transolant 

95% Confidence 
Intervals 

- autologous - as baseline 

p-value 

- parental 
- sibling. 
- matched unrelated donor 

Induction with busulfan plus 
cyclophosphamide 
Positive CMV serolocrv 
Antifungal prophylaxis - none as 
baseline 

- Amphotericin B 
- Fluconazole 
- Itraconazole 

Odds I 95% Confidence I p-value I 

5d. Multivariate analysis using "busulfan plus cyclophosphamide" with 

Ratio 

"antifungal prophylaxis" substituted in for "TPN provided pre-transplant". 

Intervals 



value --l Variable Name Odds 
Ratio 

Graft-versus-host disease prophylaxis 
- none - as baseline 
- methotrexate plus cyclosporine 
- cyclosporine 

Induction with busulfan 

5e. Multivariate analysis using "busulfan" with "graft-versus-host disease 
prophylaxis" substituted in for "type of transplant". "History of pancreatitis" 
could also be added to this model. 

95% 
Confidence 

Positive CMV serology 
TPN provided pre-transplant 
History of pancreatitis 

5.74 
4.04 
4.28 
3.55 
3.84 
4.00 

Variable Name 

Graft-versus-host disease prophylaxis 

Intervals 

1.47,22.34 
0.99, 16.45 
1.32, 13.94 

- none - as baseline 
- methotrexate plus cyclosporine 

value 4 

0.012 
0.05 1 
0.016 

1.27,9.98 
1.25, 11.78 
1.01, 15.74 

Odds 
Ratio 

Induction with busulfan plus 
cyclophosphamide 
Positive CMV serology 
TPN provided pre-transplant 
History of pancreatitis 

5f. Multivariate analysis using "busulfan plus cyclophosphamide" with ''graft- 
versus-host disease prophylaxis" substituted in for "type of transplant". "History 
of pancreatitis" could also be added to this model. 

0.016 
0.019 
0.048 

95% 
Confidence 
Intewals 

4.86 1.26, 18.76 

4.53 

3.34 
3.42 
4.05 

1.27, 16.11 

1.21,9.19 
1.11, 10.47 
1.03, 15.91 



Appendix 6: 

Probabilities, with 95% confidence intervals (CI), of developing VOD based on 
the multivariate model of "type of transplant, CMV positive status (in the 
recipient), induction with busulfan and TPN provided pre-transplantation. 

I Variable Combination I Probability 1 95% CI 
Autologous 
Autologous + CMV 
Autologous + indBus 
Autolo~ous + TPNore 

0.0 19 
0.057 

Autologous + CMV + indBus 
Autolo~ous + CMV + TPNore 

0.004,0.085 
0.014.0.208 

0.07 1 
0.064 

Autologous + indBus + TPNpre 
Autolo~ous + CMV + indBus + TPNore 

0.016,0.266 
0.014.0.242 

0.190 
0.171 

Variable Combination 
Parental 

I Parental + TPNpre 1 0.262 1 0.072,0.635 

0.043,0.549 
0.048.0.460 

0.208 
0.443 

Parental + CMV 
Parental + indBus 

------- 
0.135.0.802 

Probability 
0.095 

95% CI 
0.027.0.28 1 

0.241 
0.288 

Parental + CMV + indBus 0.550 
Parental + CMV + T p N ~ r e  0.519 

I Variable Combination 1 Probabilitv 1 95% CI 

0.089,0.509 
0.086.0.635 

------- 
PP 

0.218.0.806 
Parental + indBus + TPNpre 
Parental + CMV + indBus + TPNpre 

0.577 
0.805 

Sibling 
Sibling + CMV 

0.205,0.880 
------ 

Sibling + indBus 
Sibling + TPNpre 
Sibling + CMV + indBus 

I Sibling + CMV + indBus + TPNpre 1 0.785 1 0.419,0.949 1 

0.084 
0.218 

Sibling + CMV + TPNpre 
Sibling + indBus + TPNpre 

I Variable Combination 1 Probabilitv 1 95 % CI I 

0.032,0.204 
0.087.0.450 

0.262 
0.238 
0.5 18 

0.103,0.522 
0.074,0.552 
0.212,0.811 

0.487 
0.547 

0.198,0.785 
0.217,0.840 

MUD 
MUD + CMV 

I MUD + CMV + indBus 1 0.605 1 0.264.0.867 I 

MUD + indBus 
MUD + TPNore 

0.116 
0.284 

I MUD + CMV + indBus + TPNpre 1 0.839 I _ _ _ _ _ _  I 

0.045,0.266 
0.124.0.526 

0.336 
0.308 

MUD + CMV + TPNpre 
MUD + indBus + TPNme 

0.127,0.637 
0.117.0.599 

0.574 
0.632 

0.300,0.809 
0.290.0.878 




