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ABSTRACT 
 

INCIDENCE AND CLINICAL RELEVANCE OF ABNORMAL  
COMPLETE BLOOD COUNTS IN SURVIVORS OF CHILDHOOD CANCER 

 
Publication No. ___________ 

 
Zsofia Banhegyi Long 

 
The University of Texas Southwestern Medical Center at Dallas, 2005 

 
Supervising professor: Kevin C. Oeffinger, M.D. 

 
Background:: The purpose of this study was to determine the incidence and clinical 
significance of abnormal complete blood counts (CBCs) obtained during follow-up of 
childhood cancer survivors.  
 
Methods:: A retrospective cohort study was conducted on 193 survivors, diagnosed 
between 1970-1986, who have been followed in our center’s After Cancer Experience 
Program and are participants in the Childhood Cancer Survivor Study. Of these 
patients, 49% were female and 25% were racial/ethnic minorities. The primary 
outcome was determination of the cumulative percentage of patients having an 
abnormal CBC by 2 or 3 standard deviations (SDs). Four components of the CBC 
were examined and employed to define an abnormal CBC: low white blood cell count 
(WBC), high mean corpuscular volume (MCV), low platelet count, and low 
hemoglobin concentration. Association of treatment exposures to abnormal values 
was assessed with a multi-level logistic model.  
 
Results: There were 1,376 patient visits during 1,437 person-years of follow-up. The 
mean number of visits per survivor was 7.2 (SD 4.5). The cumulative percentage of 
subjects with at least one abnormal CBC was 70%. The cumulative percent of 
subjects with a value abnormal by 2 SD was WBC=23%, MCV=33%, platelets=9%, 
hemoglobin=49%. For values abnormal by 3 SD, the frequencies were WBC=3%, 
MCV=18%, platelets=1%, hemoglobin=27%. None of the patients developed 
myelodysplastic syndrome or a secondary leukemia during the follow-up period. 
Exposure to epipodophyllotoxins was associated with an increased risk of having 
abnormally high MCV values. 
 
Conclusions: Mildly abnormal CBC values are common in survivors of childhood 
cancer. Abnormal values are often of questionable significance but seem to persist 
over time. Epipodophyllotoxin therapy was found to be associated with increased 
frequency of high MCV levels.  
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CHAPTER I 

Introduction 

 With improved treatment of childhood cancer, a new and growing generation 

of adolescents and young adults is in need of surveillance for late effects caused by 

their cancer therapy. Virtually all organ systems can be affected by cytotoxic 

therapy.1,2 Childhood cancer survivors are frequently followed in long-term follow-up 

programs and are periodically screened for late effects of therapy. Testing is based 

upon treatment exposures. 

Potential serious sequelae that may affect survivors are treatment-related 

leukemia (t-AML) or myelodysplastic syndrome (MDS). The median latency period 

for the development of t-AML is 5-7 years following treatment with alkylating 

agents,3,4 and 2-3 years after exposure to topoisomerase II inhibitors.4-6 Alkylating 

agent exposure is often found among Hodgkin disease survivors,3,7 whereas 

epipodophyllotoxin therapy has been used for the treatment of acute lymphocytic 

leukemia.5,8 A peripheral blood count abnormality is often the presenting 

manifestation for t-AML/t-MDS.9-12 

The recently published “Children’s Oncology Group (COG) Long-Term 

Follow-Up Guidelines for Survivors of Childhood, Adolescent, and Young Adult 

Cancers” recommend an annual CBC with platelet and differential white blood cell 

(WBC) count for 10 years following diagnosis for patients treated with 

epipodophyllotoxins and anthracyclines, and for 15 years for patients exposed to 

alkylating agents.13 The stated rationale for testing is to screen for secondary 

hematologic alterations. The optimal duration of such surveillance is not known. No 

 8



prior studies on childhood cancer survivors specifically examined CBCs for 

alterations that might suggest evolving t- AML/t-MDS or marrow injury from 

cumulative effects of chemotherapy and radiation. Therefore, this study was 

conducted retrospectively to determine the incidence and clinical significance of 

abnormal CBCs obtained during the extended follow-up of a cohort of childhood 

cancer survivors. 
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CHAPTER II 

Methods 

Between 1970-86, 483 patients were diagnosed with cancer and were 

subsequently long-term survivors at Children's Medical Center Dallas, with the 

following eligibility criteria: a) diagnosis with one of eight cancer groups (leukemia, 

Hodgkin disease, non-Hodgkin lymphoma, central nervous system tumor, soft tissue 

sarcoma, Wilms tumor, neuroblastoma, bone cancer); b) survival of 5 years or more 

from date of diagnosis; and c) age less than 21 at diagnosis. Of this population, 299 

(62%) were enrolled on the Childhood Cancer Survivor Study (CCSS). Of the 

remaining 184 patients, 128 (27%) were lost to follow-up, 52 (11%) refused 

participation, and 4 (1%) died prior to enrollment, one of whom developed t-AML. 

Of the 299 patients enrolled in CCSS, 193 (65%) were seen at least once in a clinical 

setting in the After Cancer Experience (ACE) Program at Children's Medical Center 

Dallas or at the University of Texas Southwestern Medical Center at Dallas, TX. In 

this retrospective cohort study, all available laboratory data and clinical information 

were reviewed on these 193 patients. Complete blood count values that were obtained 

at least two years after completion of cancer treatment were recorded. The data 

collection ended in August 2002. The demographic information on our subjects is 

summarized in Table 1.  
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Table 1. Demographics of 193 childhood cancer survivors 
Abbreviations: SD, standard deviation.. 

 
Variables  N  % 
Gender 
 Female 
 Male 

 
 95 
 98 

  
 49.2 
 50.8 

Race 
White 

 African American 
 Hispanic 
 Other 

 
 145 
 26 
 19 
 3 

 
 75.1 
 13.5 
 9.8 
 1.6 

Cancer diagnosis 
 Leukemia 
 Central nervous system tumor 
 Hodgkin disease  
 Non-Hodgkin lymphoma  
 Wilms tumor 
 Neuroblastoma 
 Soft tissue sarcoma 
 Bone tumor 

 
 102 
 4 
 11 
 8 
 36 
 19 
 10 
 3 

 
 52.9 
 2.1 
 5.7 
 4.2 
 18.7 
 9.8 
 5.2 
 1.6 

Cancer treatment 
 Alkylating agent 

Epipodophyllotoxin 
Anthracycline 
Radiation, any site 

 
 100 
  26 
  80 
  82 

 
62.5 
16.3 
50.0 
48.8 

Age at cancer diagnosis (Yr) 
 Mean (SD) 
 Median 
 Range 

 
4.8 (3.9) 
3.7 
0.0 - 16.4 

Age at last visit (Yr) 
 Mean (SD) 
 Median 
 Range 

 
19.7 (5.2) 
19.2 
7.8 – 34.5 

Interval from diagnosis to last 
visit (Yr) 
 Mean (SD) 
 Median 
 Range 

 
 
15.0 (4.5) 
14.9 
4.0 - 28.4 

 
  

Note: Percentages are based upon the total with available data for each variable.  
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For each blood count, the normal range provided on the laboratory report was 

recorded. For missing normal range values, age-, and gender-specific normal range 

values were substituted. By definition, the normal range encompassed up to plus or 

minus 2 standard deviations (SD) from the average for that value in a normal 

population of the same age and gender. For the purposes of this study, an abnormal 

blood count was defined as follows: > ± 2SD from the mean value, which 

corresponds to being outside the normal range for a given laboratory value, and > ± 

3SD from the mean, a value being slightly more abnormal. The incidence of 

abnormal laboratory values was calculated for four blood count measures felt to 

indicate bone marrow injury, including low WBC count, low hemoglobin 

concentration, low platelet count, and high erythrocyte mean corpuscular volume 

(MCV).  

Scatter plots were created with the y-axis representing the number of standard 

deviations from the mean for each of the blood count measure of interest and the x-

axis the time from diagnosis to the visit (Figure 1a-d). 
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Figure 1. Standard deviation of MCV (1a), hemoglobin (1b), WBC (1c), and 
platelet (1d) values by years from diagnosis for 1,376 patient visits.  
Each square represents a visit at which the particular blood count measure was 
obtained in any patient. The two horizontal lines represent + and – 2SD with the 
interval in between representing the normal range for that laboratory value.  
Abbreviations: MCV, mean corpuscular volume; SD, standard deviation; WBC, white 
blood cell count. 
 

 1a. 1b. 

H
em

og
lo

bi
n 

 (S
D

) 

M
C

V
 (S

D
) 

Years Since Diagnosis Years Since Diagnosis 

W
B

C
 (S

D
) 

  
         * Values >6 standard deviations (n= 7) are not shown 
1c. 

Years Since Diagnosis 

          * Values >5 standard deviations (n= 5) are not shown 

 13
                * Values <-11 and >7 standard deviations (n= 8) are not shown 
1d. 

Pl
at

el
et

 (S
D

) 

Years Since Diagnosis 
* All values are shown 



 Univariate analysis was performed to assess the association of abnormal 

CBCs with different cancer treatments, gender, age at diagnosis, and race. A multi-

level logistic model was constructed, which incorporated the repeated measures 

within individuals, to further investigate the relationship of cancer treatments, length 

of time from diagnosis, and total number of visits to the likelihood of obtaining a high 

MCV, or low hemoglobin, WBC, and platelet count.14 Total chemotherapy doses 

were divided into tertiles to investigate whether increasing doses of chemotherapy 

were associated with increased likelihood of having an abnormal laboratory value. 

The lowest tertile was compared to not having received that particular agent. The 

multi-level logistic model was used to account for the differences between the 

numbers of visits among individuals, and therefore patients who were seen more 

frequently were not over-represented in the analysis. The model was adjusted for age 

at diagnosis, race, and gender.  

Data were analyzed with SAS v9.0 (SAS Institute, Cary, NC) and MLWIN 

software. This study was approved by University of Texas Southwestern Medical 

Center Institutional Review Board. 
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CHAPTER III 

Results 

  The mean number of visits during which at least one component of the 

CBC was performed was 7.2 (SD= 4.5, range 1-21) with a mean interval from cancer 

diagnosis to the last follow-up visit of 15.0 years (SD= 4.5, range 4.0-28.4). The total 

follow-up period was 1,437 person-years (PY). The mean age at last follow-up visit 

was 19.7 years (SD=5.2, range 7.8-34.5). None of the subjects developed t-MDS/t-

AML, or aplastic anemia. Two patients died from non-hematologic causes. 

Figure 1 represents scatter-plots of standard deviation of MCV (1a), 

hemoglobin (1b), WBC (1c), and platelet (1d) values by years from diagnosis for 

1,376 patient visits. Table 2 summarizes the prevalence of abnormal laboratory 

results (> ± 2SD and > ± 3SD) per person. The expected percentage of at least one 

abnormal laboratory value for an average of 7.2 visits of follow-up was calculated 

based on the properties of normal distribution. For any abnormally high or low value 

> ± 2SD from the mean the expected percentage is 16.7% (1-0.975^7.2), and for > ± 

3SD from the mean the expected percentage is 3.5% (1-0.995^7.2). Of note, the 

prevalence of having one or more abnormal values of interest > ± 2SD was 69.9%, 

and > ± 3SD from the mean was 40.4%. The prevalence of abnormal laboratory 

values > ± 2SD for each of the blood counts per 1000 person-years (PY) was 30.6 for 

low WBC, 43.8 for high MCV, 12.5 for low platelet counts, and 66.1 for low 

hemoglobin. The prevalence of abnormal laboratory values > ± 3SD per 1000 PY was 

4.2 for low WBC, 23.7 for high MCV, 1.4 for low platelet counts, and 36.2 for low 

hemoglobin.   
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Table 2. Frequency of abnormal CBC values (> ± 2SD and > ± 3SD) per person 
For each blood count measure the found and expected percentages of abnormal values are shown. The expected percentages 
were calculated for an average of 7.2 visits (range 1-21). The second and third columns show abnormal values > ± 2SD, the 
fourth and fifth columns show values > ± 3SD. 
Abbreviations: CBC, complete blood count; MCV, mean corpuscular volume; PY, person-years; SD, standard deviation; 
WBC, white blood cell count. 

 

 
Blood count 

measure 

Percentage of 
patients with 

abnormal values 
(> ± 2SD) 

Expected frequency 
of abnormal values 

(> ± 2SD) in a 
normal population 

Percentage of 
patients with 

abnormal values 
(>± 3SD) 

Expected frequency 
of abnormal values 

(> ± 3SD) in a 
normal population 

  Low WBC 22.8% 16.7%  9.8% 3.5% 
  High MCV 32.6% 16.7% 17.6% 3.5% 
  Low platelet  9.3% 16.7%   1.0% 3.5% 
  Low hemoglobin 49.2% 16.7% 26.9% 3.5% 
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Estimates of relative risk (RR) and 95% confidence intervals for the multi-

level analysis are provided in Table 3. Participants who received epipodophyllotoxins 

were more likely to have an abnormally high MCV during follow-up. Each dose 

range increase in epipodophyllotoxin was associated with a 60% increase in risk for 

high MCV (95% CI =1.1-2.3). Anthracyclines and alkylating agents were not 

significantly associated with any of the abnormal CBC values. Participants who had 

radiation treatment were less likely to have low hemoglobin concentrations (RR= 0.4; 

95% CI=0.2-0.8) and low platelet counts (RR= 0.2; 95% CI=0.0-0.9). Increasing time 

from diagnosis to follow-up was associated with a lower likelihood of having a high 

MCV value (RR=0.9; 95% CI=0.9-1.0). Increasing time from diagnosis to follow-up 

was also associated with a lower likelihood of having a low hemoglobin 

concentration (RR=0.9; 95% CI= 0.9-1.0). Increased number of follow-up visits was 

related to increased risk for low hemoglobin (RR=1.1; 95% CI=1.0-1.2). Black race 

was associated with increased risk of low hemoglobin (RR= 7.2; 95% CI= 2.8-18.2) 

and low WBC count (RR= 4.2; 95% CI= 1.4-12.9). Of note, no difference was found 

in males and females in the frequency of abnormal hemoglobin concentration. 

Seventeen survivors (9%) had a low hemoglobin value and a low MCV at the same 

visit. 

 Table 4 lists patients with one or more markedly abnormal CBC values, as 

well as their demographic information and co-morbid conditions that may have 

contributed to their abnormal blood counts. 



Table 3. Multi-level logistic model with relative risk estimates (RR) and 95% confidence intervals (95% CI) of the likelihood of 
having abnormal (>± 2SD) blood values for 193 patients having 1,376 visits.* 

The first column shows the independent variables including three increasing dose ranges of anthracyclines, alkylating agents, and 
epipodophyllotoxins; radiation, time since diagnosis, total number of visits.  The effects of these independent variables on the 
likelihood of obtaining an abnormally high MCV, low hemoglobin, low WBC, and low platelet count are expressed as relative risks.  
Significant findings include confidence intervals excluding “1.0” and P-values < 0.05.  Abbreviations: CI, confidence interval; MCV, 
mean corpuscular volume; NA, not applicable; RR, relative risk; WBC, white blood cell count; Yr, year. 

 High MCV Low Hemoglobin Low WBC Low Platelet Count 

Independent Variables RR 95% CI P-value        RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value 

Anthracycline Dose** 0.7 0.5 - 1.0 0.07 1.3 1.0 - 1.8 0.10 0.8 0.5 - 1.2 0.27 0.9 0.5 - 1.8 0.86 

Epipodophyllotoxin Dose** 1.6 1.1 - 2.3 0.02 0.9 0.6 - 1.3 0.50 1.0 0.6 - 1.7 0.91 0.9 0.4 - 2.1 0.81 

Alkylating Dose** 1.5 1.0 - 2.2 0.08 1.0 0.7 - 1.4 0.86 1.2 0.8 - 1.9 0.43 1.9 0.9 - 4.1 0.09 

Radiation (Yes vs. No) 1.9 0.9 - 4.1 0.08 0.4 0.2 - 0.8 0.006 0.7 0.3 - 1.5 0.36 0.2 0.0 - 0.9 0.04 

Time since diagnosis (Yr) 0.9 0.9 - 1.0 0.04 0.9 0.9 - 1.0 <.0001 1.0 0.9 - 1.1 0.81 1.1 1.0 -1.2 0.16 

Total number of visits 1.0 0.9 - 1.1 1.0 1.1 1.0 - 1.2 0.01 1.0 1.0 - 1.1 0.39 1.1 0.9 -1.3 0.30 

 
 
 

*      Adjusted for age at diagnosis, age, and gender. 
**    Chemotherapy dosing was categorized as none, lowest dose range, medium dose range, and highest dose range. 
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Table 4. Demographics, co-morbid conditions, and laboratory values of patient visits with a markedly abnormal value 
For most markedly abnormal laboratory values there are co-morbid conditions affecting the patient that could account for the blood count abnormalities.  
Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelocytic leukemia; B, black; CA, carcinoma; EBV, Epstein-Barr virus; ESRD, end-stage renal 
disease; d/o, disorder; F, female; Fe, iron; H, Hispanic; HBV, hepatitis B virus; HIV, human immunodeficiency virus; HTN, hypertension; HD, Hodgkin disease; 
ITP, idiopathic thrombocytopenic purpura; M, male; MCV, mean corpuscular volume; NA, not available; tx, therapy; Yr, year; W, white;WAGR, Wilms tumor, 
aniridia, genitourinary malformations, mental retardation; WBC, white blood cell count. 
 

Abnormality Patient WBC 
(K/mm3) 

Hemoglobin 
(g/dl) 

MCV 
(µm3) 

Platelet count 
(K/mm3) Gender Primary 

Diagnosis 
Age at 

visit (Yr) Race Comorbid 
Conditions 

WBC > 30 K/mm3 1 36 14 82 321 F ALL 20 W Current EBV infection 
WBC < 2.5 

K/mm3
2* 1         8 NA 137 F HD 23 B Fe deficiency

 3 2 12 88 162 F ALL 11 H Seizure d/o, Depakote tx, Fe deficiency 
  4         

         
2 14 NA 229 M Wilms tumor 21 B None

 5 2 12 NA 505 M Neuroblastoma 6 H None
MCV > 110 µm3 6 7 17 114 108 M ALL 19 W Down’s, Cyanotic heart disease 

 6 3 22 115 98 M ALL 20 W Down’s, Cyanotic heart disease 
Hemoglobin  <  

9 g/dl 
2* 1        8 NA 137 F HD 23 B Fe deficiency 

 7 10 8 61 367 F Neuroblastoma 22 B History of Fe deficiency, pica 
 3 3 9 70 251 F ALL 19 H Seizure d/o, Depakote tx, Fe deficiency 
 8 16 8 84 232 M AML 17 B ESRD, renal cell CA at age 20, HBV 
 8 12 9 83 321 M AML 17 B ESRD, renal cell CA at age 20, HBV 
 8 10 8 84 302 M AML 20 B ESRD, renal cell CA at age 20, HBV 
 8 13 8 85 468 M AML 20 B ESRD, renal cell CA at age 20, HBV 
 8 11 7 84 378 M AML 20 B ESRD, renal cell CA at age 20, HBV 
 8 8 7 84 331 M AML 20 B ESRD, renal cell CA at age 20, HBV 

Platelet count <  
100 K/mm3

9         4 11 85 80 M Wilms tumor 16 W WAGR 

 6 3 22 115 98 M ALL 20 W Down’s, Cyanotic heart disease 
 10 5 16 98 68 M ALL 21 H  Down’s, HBV, portal HTN, hypersplenism 
 10 5 15 103 43 M ALL 22 H Down’s, HBV, portal HTN, hypersplenism 
 10 4 14 106 28 Male ALL 25 H Down’s, HBV, portal HTN, hypersplenism 

            11 4 15 NA 11 Male HD 20 W HIV, ITP
*  Subject 2 had a significantly abnormal hemoglobin and low WBC at the same visit 

 



CHAPTER IV 

Discussion 

 This study is the first to report blood count results obtained over an extended 

period of follow up in childhood cancer survivors. Among 193 survivors followed for 

an average of 15 years after cancer diagnosis, 70% had at least one abnormality of the 

four CBC measures examined. Thus, abnormal CBCs were common in this 

population, possibly reflecting bone marrow injury. Assuming a normal distribution 

and an average of 7.2 visits per person, the expected frequency of an abnormally high 

or low value (i.e. > ± 2SD from the mean) is 17%. In this cohort the actual frequency 

of low WBC was 23%, high MCV was 33%, and low hemoglobin was 49% compared 

to the expected 17% value.  

Many investigations have described the increased risk of developing 

secondary leukemia after treatment for childhood malignancies.15-19 The risk of t-

AML varies according to cancer treatment, age at diagnosis, length of follow-up, 

among other contributing factors. The ten-year cumulative incidence of t-AML 

ranges from 0.7% to 4.2%.9,20,21 Two major types of t-AML have been described. The 

first type arises after treatment with alkylating agent therapy, with a median latency 

period of approximately 6.6 years.3,4 Cytogenetic analysis in these individuals often 

reveals deletional aberrations of chromosomes 5 or 7. The overt leukemia of this type 

is heralded by preleukemic changes of 6 or more months duration in the majority of 

the patients.10,11 It has been suggested that identifying and treating patients in the 

preleukemic phase may halt their progression to t-AML.22 The second type of t-AML 

occurs after therapy with topoisomerase II inhibitors, which often shows a 
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characteristic translocation involving the 11q23 band.5,6,23,24 The median latency 

period is only 2-3 years,4-6 much shorter than that of the alkylator induced t-AML. 

Epipodophyllotoxin related t-AML is not preceded by observable preleukemic 

changes. In both types of t-AML the presentation of patients differs from the 

presentation of individuals with de novo AML, including lower white blood cell 

(WBC) counts.25  

If a preleukemic phase is present, peripheral blood counts may reveal 

pancytopenia, anemia or erythrocyte macrocytosis, or involvement of two cell lines 

such as thrombocytopenia with anemia or leukopenia.10,11 Such abnormalities are 

often initially minimal or subtle. Overt leukemia presents with circulating 

erythroblasts, anisocytosis, basophilic stippling, granulocytopenia, or granulocyte 

hypogranularity, and basophilia, in addition to the abnormalities found in the 

preleukemic stage.9,10,12 

 Only a few studies have investigated peripheral blood count abnormalities of 

otherwise healthy survivors during follow-up. One analysis of 73 survivors of 

childhood Ewing sarcoma reported a higher incidence of t-AML in those treated with 

higher dose chemotherapy (including large doses of alkylating agents, topoisomerase 

II inhibitors, and granulocyte colony-stimulating factor (G-CSF)) in comparison to 

those treated with lower dose chemotherapy.26 Patients receiving larger doses of 

chemotherapy had significantly greater MCV values and lower mean platelet counts 

for the entire length of the 40-month observation period. A study involving 1,939 

Hodgkin disease survivors highlights a similar correlation between decreased platelet 

counts in the course of the follow-up period and an increased risk for t-AML.27 
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 Injury to hematopoietic stem cells is thought to be in part caused by telomere 

shortening as a consequence of chemotherapy, with repeated cycles of hematopoietic 

regeneration.28 Occult bone marrow dysfunction may occur in the face of a normal 

complete blood count. For instance, in a study involving six children who developed 

t-AML after treatment for neuroblastoma, the diagnosis was found incidentally in 

routine bone marrow testing in four of the patients.29 Other studies also describe in 

vitro evidence of treatment-induced bone marrow damage in asymptomatic 

patients.30-32  

There were no cases of t-AML or t-MDS in this cohort, although this study 

did exclude at least one patient with t-AML who died less than five years from 

diagnosis. In long-term follow-up of childhood cancer survivors, blood count 

abnormalities were a common finding. Whether or not this is indicative of clinically 

significant marrow dysfunction that will worsen with time is not known. Further it is 

not known if this population with previous myelotoxic therapy will face an increased 

risk of MDS or other marrow abnormalities, such as anemia of chronic disease, as 

they enter their later decades of life. There was only a slight decrease in the frequency 

of abnormal MCVs and hemoglobin values over time. Therefore, it is possible that 

bone marrow damage after cancer treatment is permanent.  

In this study, increasing epipodophyllotoxin doses were found to correlate 

with increased likelihood of obtaining high MCV values. For each dose range 

increase in epipodophyllotoxin, there was a 60% increase in the likelihood of having 

an abnormally high MCV value. Black race was associated with lower hemoglobin 

levels, likely due in part to the increased incidence of thalassemia trait in this group of 
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patients, and also with increased frequency of low WBC count. Both of these findings 

are consistent with known ethnic differences in hemoglobin concentrations and WBC 

counts in the normal population.33,34 Interestingly, patients who received radiation 

therapy were less likely to have low hemoglobin concentrations and low platelet 

counts. This association may reflect less intensive chemotherapy in these patients. 

Markedly abnormal CBC values were infrequent as summarized in table 4. 

Generally, an underlying condition was present which could explain the abnormal 

blood count measure. For example, iron deficiency anemia was a common finding 

among patients with markedly low hemoglobin concentrations. 

There are several limitations of this study. First, this was a retrospective chart 

review with a relatively small sample size. Second, the cohort was biased by selection 

of those individuals who are followed in the ACE program, possibly resulting in an 

over estimate of the frequency of abnormalities. Finally, potential co-morbid 

conditions such as infection or anemia due to unrelated causes could have confounded 

the findings. 

In conclusion, mildly abnormal CBCs are common in childhood cancer 

survivors.  Marked abnormalities were infrequent and were generally explained by an 

underlying condition. Abnormalities of the four CBC components measured seemed 

to persist over a prolonged portion of the follow-up period. Generally, abnormal 

CBCs obtained during long-term follow-up are not clinically significant, and do not 

appear to reflect preleukemic changes. This study provides evidence for the common 

observation of abnormal blood counts during long-term screening and may contribute 

to the optimization of follow-up guidelines.  

 23



 

ACKNOWLEDGEMENTS 
 
 

Kevin C. Oeffinger for involving me in this study, for encouraging me to take the 

initiative, and for guiding me along the way 

 

Sandra L. Brooks for investing so much time and effort in this process, and for 

encouraging me to continue on 

 

George R. Buchanan for giving expert opinion and for serving on my  

Research Distinction committee 

 

Gail E. Tomlinson for helpful recommendations and for serving on my  

Research Distinction committee 

 

Debra A. Eshelman, Karen Ellis, and Joanna Leuck for helping in the  

data collection process 

 

Lori Fischbach and T. Robert Harris for expert help with the analysis 

 

Michael McPhaul for encouraging students to excel in research 

 

Trey for your love and patience 

 
 
 

 24



REFERENCES 

 
1. DeLaat CA, Lampkin BC. Long-term survivors of childhood cancer: evaluation 
and identification of sequelae of treatment. CA Cancer J Clin. 1992;42(5):263-282. 

2. Schwartz CL. Late effects of treatment in long-term survivors of cancer. Cancer 
Treat Rev. 1995;21(4):355-366. 

3. Metayer C, Lynch CF, Clarke EA, Glimelius B, Storm H, Pukkala E, et al. Second 
cancers among long-term survivors of Hodgkin's disease diagnosed in childhood and 
adolescence. J Clin Oncol. 2000;18(12):2435-2443. 

4. Felix CA. Secondary leukemias induced by topoisomerase-targeted drugs. Biochim 
Biophys Acta. 1998;1400(1-3):233-255. 

5. Pui CH, Relling MV, Rivera GK, Hancock ML, Raimondi SC, Heslop HE, et al. 
Epipodophyllotoxin-related acute myeloid leukemia: a study of 35 cases. Leukemia. 
1995;9(12):1990-1996. 

6. Pui CH, Ribeiro RC, Hancock ML, Rivera GK, Evans WE, Raimondi SC, et al. 
Acute myeloid leukemia in children treated with epipodophyllotoxins for acute 
lymphoblastic leukemia. N Engl J Med. 1991;325(24):1682-1687. 

7. Bhatia S, Robison LL, Oberlin O, Greenberg M, Bunin G, Fossati-Bellani F, et al. 
Breast cancer and other second neoplasms after childhood Hodgkin's disease. N Engl 
J Med. 1996;334(12):745-751. 

8. Winick NJ, McKenna RW, Shuster JJ, Schneider NR, Borowitz MJ, Bowman WP, 
et al. Secondary acute myeloid leukemia in children with acute lymphoblastic 
leukemia treated with etoposide. J Clin Oncol. 1993;11(2):209-217. 

9. Schneider DT, Hilgenfeld E, Schwabe D, Behnisch W, Zoubek A, Wessalowski R, 
et al. Acute myelogenous leukemia after treatment for malignant germ cell tumors in 
children. J Clin Oncol. 1999;17(10):3226-3233. 

10. Brusamolino E, Papa G, Valagussa P, Mandelli F, Bernasconi C, Marmont A, et 
al. Treatment-related leukemia in Hodgkin's disease: a multi-institution study on 75 
cases. Hematol Oncol. 1987;5(2):83-98. 

 25



11. De Gramont A, Louvet C, Krulik M, Smadja N, Donadio D, Laporte JP, et al. 
Preleukemic changes in cases of nonlymphocytic leukemia secondary to cytotoxic 
therapy. Analysis of 105 cases. Cancer. 1986;58(3):630-634. 

12. Kantarjian HM, Keating MJ. Therapy-related leukemia and myelodysplastic 
syndrome. Semin Oncol. 1987;14(4):435-443. 

13. Landier W, Bhatia S, Eshelman D, Forte K, Sweeney T, Hester A, et al. 
Development of Risk-based guidelines for childhood cancer survivors: the Children's 
Oncology Group Long-Term Follow-Up Guidelines. Journal of Clinical Oncology. 
2004;in press. 

14. Rasbash J BW, Goldsttein H. A user's guide to MLWIN. London: University of 
London, 2000. 

15. Giles FJ, Koeffler HP. Secondary myelodysplastic syndromes and leukemias. 
Curr Opin Hematol. 1994;1(4):256-260. 

16. Kantarjian HM, Keating MJ, Walters RS, Smith TL, Cork A, McCredie KB, et al. 
Therapy-related leukemia and myelodysplastic syndrome: clinical, cytogenetic, and 
prognostic features. J Clin Oncol. 1986;4(12):1748-1757. 

17. Hawkins MM, Wilson LM, Stovall MA, Marsden HB, Potok MH, Kingston JE, et 
al. Epipodophyllotoxins, alkylating agents, and radiation and risk of secondary 
leukaemia after childhood cancer. Bmj. 1992;304(6832):951-958. 

18. Ellis M, Ravid M, Lishner M. A comparative analysis of alkylating agent and 
epipodophyllotoxin-related leukemias. Leuk Lymphoma. 1993;11(1-2):9-13. 

19. Leone G, Voso MT, Sica S, Morosetti R, Pagano L. Therapy related leukemias: 
susceptibility, prevention and treatment. Leuk Lymphoma. 2001;41(3-4):255-276. 

20. Schellong G, Riepenhausen M, Creutzig U, Ritter J, Harbott J, Mann G, et al. 
Low risk of secondary leukemias after chemotherapy without mechlorethamine in 
childhood Hodgkin's disease. German-Austrian Pediatric Hodgkin's Disease Group. J 
Clin Oncol. 1997;15(6):2247-2253. 

 26



21. Meadows AT, Obringer AC, Marrero O, Oberlin O, Robison L, Fossati-Bellani F, 
et al. Second malignant neoplasms following childhood Hodgkin's disease: treatment 
and splenectomy as risk factors. Med Pediatr Oncol. 1989;17(6):477-484. 

22. Gyger M, Perreault C, Carnot J, Boileau J, Bonny Y. Treatment of therapy-
induced preleukemic syndrome. Blut. 1984;48(2):117-120. 

23. Smith MA, Rubinstein L, Anderson JR, Arthur D, Catalano PJ, Freidlin B, et al. 
Secondary leukemia or myelodysplastic syndrome after treatment with 
epipodophyllotoxins. J Clin Oncol. 1999;17(2):569-577. 

24. Felix CA. Leukemias related to treatment with DNA topoisomerase II inhibitors. 
Med Pediatr Oncol. 2001;36(5):525-535. 

25. Barnard DR, Lange B, Alonzo TA, Buckley J, Kobrinsky JN, Gold S, et al. Acute 
myeloid leukemia and myelodysplastic syndrome in children treated for cancer: 
comparison with primary presentation. Blood. 2002;100(2):427-434. 

26. Rodriguez-Galindo C, Poquette CA, Marina NM, Head DR, Cain A, Meyer WH, 
et al. Hematologic abnormalities and acute myeloid leukemia in children and 
adolescents administered intensified chemotherapy for the Ewing sarcoma family of 
tumors. J Pediatr Hematol Oncol. 2000;22(4):321-329. 

27. van Leeuwen FE, Chorus AM, van den Belt-Dusebout AW, Hagenbeek A, Noyon 
R, van Kerkhoff EH, et al. Leukemia risk following Hodgkin's disease: relation to 
cumulative dose of alkylating agents, treatment with teniposide combinations, 
number of episodes of chemotherapy, and bone marrow damage. J Clin Oncol. 
1994;12(5):1063-1073. 

28. Engelhardt M, Ozkaynak MF, Drullinsky P, Sandoval C, Tugal O, Jayabose S, et 
al. Telomerase activity and telomere length in pediatric patients with malignancies 
undergoing chemotherapy. Leukemia. 1998;12(1):13-24. 

29. Kushner BH, Cheung NK, Kramer K, Heller G, Jhanwar SC. Neuroblastoma and 
treatment-related myelodysplasia/leukemia: the Memorial Sloan-Kettering experience 
and a literature review. J Clin Oncol. 1998;16(12):3880-3889. 

30. Haworth C, Morris-Jones PH, Testa NG. Long-term bone-marrow damage in 
children treated for ALL: evidence from in vitro colony assays (GM-CFC and 
CFUF). Br J Cancer. 1982;46(6):918-923. 

 27



31. Bhavnani M, Morris Jones PH, Testa NG. Children in long-term remission after 
treatment for acute lymphoblastic leukaemia show persisting haemopoietic injury in 
clonal and long-term cultures. Br J Haematol. 1989;71(1):37-41. 

32. Radford JA, Testa NG, Crowther D. The long-term effects of MVPP 
chemotherapy for Hodgkin's disease on bone marrow function. Br J Cancer. 
1990;62(1):127-132. 

33. Dallman PR, Barr GD, Allen CM, Shinefield HR. Hemoglobin concentration in 
white, black, and Oriental children: is there a need for separate criteria in screening 
for anemia? Am J Clin Nutr. 1978;31(3):377-380. 

34. Bain BJ. Ethnic and sex differences in the total and differential white cell count 
and platelet count. J Clin Pathol. 1996;49(8):664-666. 

 28



VITAE 

 

Zsofia Banhegyi Long was born in Cered, Hungary on August 16, 1978 as the third 

daughter to Zsuzsanna and Zsolt Banhegyi. She spent her 11th grade in the United 

States as an exchange student. After graduating from Karinthy Frigyes high school in 

Budapest, Zsofia entered the Honors College of Louisiana State University, in Baton 

Rouge, Louisiana. She majored in Biochemistry and Zoology. As part of the 

requirements for graduation from the Honors College, she conducted research under 

the supervision of Sue G. Bartlett, PhD in the Department of Biochemistry at 

Louisiana State University.  Her goal was to learn about the full open reading frame 

and spatial pattern of expression of beta carbonic anhydrase in Arabidopsis thaliana. 

Her work culminated in the completion of an Honors Thesis. Zsofia graduated 

Summa Cum Laude from Louisiana State University, in addition she received the 

University Medal for graduating with a perfect 4.0 grade point average. She married 

Palmer R. Long III in June, 2000. Zsofia entered medical school at the University of 

Texas Southwestern Medical Center in 2001. She decided to explore the path of 

clinical research, and she started a project with the mentorship of Kevin C. Oeffinger, 

MD. Zsofia spent her summer months and additional time during the rest of her 

medical school investigating complete blood counts of childhood cancer survivors. 

She will earn Doctor of Medicine, with Distinction in Research in June, 2005. Zsofia 

plans to become a pediatrician. 

 

Permanent address: 

728 Coachlight Rd 

Shreveport, LA 

 

 

 

 29


	ABSTRACT
	TABLE OF CONTENTS
	PRIOR PUBLICATIONS AND PRESENTATIONS
	LIST OF TABLES AD FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER I Introduction
	CHAPTER II Methods
	CHAPTER III Results
	CHAPTER IV Discussion
	ACKNOWLEDGEMENTS
	REFERENCES
	VITAE

