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ABSTRACT

Purpose: This report seeks to validate some of the findings in animal
models of cancer chemotherapy with observations in the real-world
management of endemic Burkitt lymphoma in Nigerian children between
1979 and 1986.

Materials and Methods: Between 1979 and 1981, a period of relative
affluence in Nigeria, children with Burkitt ymphoma were treated with an
induction course of four 14-day cycles of combination regimens:
vincristine 1.4 mg/m? on day 1, cyclophosphamide 1000 mg/m? on day 1,
methotrexate 12.5 mg/m? on day 2, 3 and 4, and intrathecal treatment
with methotrexate 12.5/m?or cytosine arabinoside 50mg/m?on day 1 and
day 5 of 4 cycles, followed by 4-6 28-day cycles as maintenance. By 1981-
1983, socioeconomic challenges led to loss of treatment quality,
including variability in dose intensity and duration. Between 1984 and
1986, the children were managed on a randomized phase I clinical trial,
in which donated cytosine arabinoside at high doses, e.g., 1000mg/m? IV
12 hours x 4 doses — was given, with the aim of overcoming physiological
barrier for better control of central nervous system involvement.

Results: Chi-square test showed strong correlation between remission
rate and dose intensity of single agents and mean relative dose intensity
of combination chemotherapy (p< 0.0001), while Cox proportion hazard
model revealed association between progression free survival and mean
relative dose intensity (p = 0.0001) regardless of central nervous system
involvement (p = 0.0003). Evaluation by log-rank test revealed highly
significant association between less than 42, and more than 43 to 95
(p<0.0001), but,
counterintuitively, not with more than 95 days (p=0.809). The clinical trial
regimens led to complete plus partial response rates of 100% vs 45% and
progression free survival rate of 64% vs 19.7% (p=0.205), and mean
relative dose intensities of 592.2 vs 102.6 (p<0.0001) in the experimental
and control arms, respectively.

treatment days and progression free survival

Conclusion: The clinical manifestations of the disease as well as the
treatment outcomes in correlation with treatment qualities reflect
predictable observations in animal models, thus, confirming the relevance
of adherence to the principles of chemotherapy in clinical practice.
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Introduction

The discovery in 1956 of a unique cancer of African
children, later to be named Burkitt lymphoma (BL)
after its discoverer, Denis Burkitt!, led to a new
understanding of cancer, which had hitherto been
an enigma. It proved to be a watershed moment
that Gaius Plinius Secundus, also known as Pliny
the Elder®3®, seemed to have presaged in his
famous quote: “There is always something new out
of Africa”*®. The quote by itself implies that Africa
is a place where unique and fascinating discoveries
are constantly being made. These discoveries
could span a wide range of fields, including but not
limited to natural history, culture, and scientific
advancement’. The discovery of BL led to a new
knowledge of human cancer, including its
association with environment factors®® as well as its
curability by chemical agents. This, in turn, was to
lead to the emergence of theoretical models'®*
and the use of chemotherapeutic agents** in
addressing the emerging insight of the natural
phenomena of cancer. Cyclophosphamide, one
the alkylating agents to emerge from World War Il
warfare industry, was the first agent to be
recognized for the cure of BL'®', and has remained
the backbone of the
Theoretical models of cancer chemotherapy have

BL armamentarium.

subsequently established a role for combination of
agents®, which have emerged progressively in the
1960s and 1970s.% Investigators at the US-Uganda
Cancer Institute in Kampala developed several
treatment regimens for the management of BL,
including one containing a three-drug combination
consisting of cyclophosphamide, vincristine and
methotrexate’®, modifications of which remain the
mainstay in the management of BL, resulting in
about 50%* to 80%*°° cure rates of the disease.
Furthermore, the discoveries of the characteristic
properties of BL, including its cell kinetics?,
molecular biology®* and immunology?, are indicating
routes to early diagnosis®* and other therapeutic
interventions for management advances in BL?>34,
Some of these advancements were pioneered by

investigators at the University College Hospital
(UCH) of the University of Ibadan, Nigeria®-8,

The work, which is being reported herein, is based
on a seven-year experience of the management of
Nigerian children beginning in 1979 -1981with the
3-drug treatment regimen that had been
developed at the US-Uganda Cancer Institute. In
the succeeding 2 years (1981-1983), however,
prevailing socioeconomic situation in Nigeria had
necessitated significant changes in the administration
of the regimen, thereby leading to variability in the
quality of treatment in terms of doses of the
individual drugs as well as the treatment durations.
Observations of the patterns of treatment failures
in the earlier 5 years of this work indicated a need
for central nervous system directed strategies to
reduce the risk of disease recurrence in the
region®. This was made possible in the period of
1984-1986 through the availability of a large
amount of donated cytosine arabinoside, a drug
that overcomes the blood-brain barrier at high
doses*“!, The availability of the drug was a stimulus
for the management of BL children on a randomized
clinical trial. This was preceded by an informal trial
of intravenous ARA-C given at high doses*, e.g.,
1000 mg/m?to 3 children with CNS involvement by
BL. The trial revealed accepted degree of tolerance
as well as remarkable efficacy in form of rapid
clearance of CNS fluid pleocytosis (C.K. Williams,
unpublished observation), thus, indicating its
potential as a treatment strategy in the locality,
thus, leading to a randomized phase Il trial of high
dose cytosine arabinoside based regimen in BL.

The outcomes observed in the management of
these children have been combined and analyzed
in order to observe how their presentation
features, the treatment quality and the resulting
outcomes could be applied to validate principles
of cancer chemotherapy.

The unique story of Burkitt lymphoma and its
impact on historic cancer narratives® as well the use
of data derived from its clinical management to
validate hypotheses of chemotherapeutic principles
generated in animal models should be attractive to
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healthcare workers, medical scientists, historians,
biologists, anthropologist and even philosophers.

Materials and Methods

PATHOLOGIC DIAGNOSIS

The diagnosis of BL was based on clinical,
cytological/histological and radiological features.
These included presentation with typical jaw masses
with radiological evidence of dental anarchy, and
effacement of the lamina dura*. Other classical
clinical features included the presence of massive
abdominal and or pelvic (ovarian) masses.
Diagnostic pathological features included the
observation of the classical "'starry sky appearance"
of a hematoxylin-eosin-stained paraffin section, or
the presence of cytoplasmic vacuolation of the
lymphoid cytoplasm. Other diagnostic methods
used included bone marrow examination, lumbar
puncture for cerebrospinal fluid examination,
urography and ultrasonography of abdominal and
pelvic structures. Routine hematologic and blood
chemistry (including SGOT, SGPT, alkaline
phosphatase, bilirubin, sodium, potassium, chloride,
bicarbonate, uric acid) was obtained as part of initial
assessment of the patients. Estimation of blood
lactic dehydrogenase (LDH) was not available. Using
indirect technique and
monoclonal antibodies®, lymphoblasts derived from
tumor sources in a number of the patients were

immunofluorescence

immunophenotyped, and
rearrangement studies* to further characterize the
lymphoblasts®.

STAGING
The patients were assigned to one of four stages?® -
stage A: single extra-abdominal mass; stage B:
multiple

studied for gene

extra-abdominal masses; stage C:
abdominal mass with or without facial tumor; stage
D: abdominal mass with sites of tumor other than
facial. The classification was modified by
characterizing selective bone marrow involvement
as Dgysemic, While cases with central nervous system
involvement were characterized as D¢s. Cases, in
which the bone marrow and the central nervous
system were involved, with or without involvement

of other organs were characterized as Dsystemic+cns-

TREATMENT

The first series of patients were treated (Figure 1)
between 1979 and 1981 with a modified form of a
regimen described by Ziegler'® and consisted of
cyclophosphamide 1000mg/m? iv on day 1,
vincristine 1.5mg/m? iv on day 1, methotrexate
12.5mg/m? iv on days 1, 3, and 4, dexamethasone
1000mg/m? iv on days 2 and 5. These medications
were delivered at 14-day intervals for a total of 4
cycles as an induction course. Thereafter 3-6 more
cycles were given at monthly intervals as a
maintenance course. Subsequent to frequent
occurrence of shortage of drugs, the treatment
regimen was modified in 1981-1983 by combining
the three methotrexate doses to a single dose of
37.5mg/m? iv on day 1 or orally in 3 divided daily
doses, or replaced by iv cytosine arabinoside
50mg/mg? in six 12-hourly doses (each dose being
given as a 3-hour infusion). Intrathecal treatment
was either by methotrexate 12.5/m? or cytosine
arabinoside 50mg/m? on days 1 and 5 of each of
the four 14-day cycles. Patients seen between
1984 and 1986 (Figure 1) were randomized on a
study of the efficacy of high dose of cytosine
arabinoside as compared to the standard dose.
Patients randomized to the high dose arm received
the drug at the dose of 1000mg/m? 12-hourly for
four of 6 doses in the 2 middle cycles of four 14-
day treatment cycles. The remaining 2 of the 6
doses of each of these two cycles, the first and the
fourth cycles of the high-dose regimen arm as well
as each of the four cycles of the standard-dose
regimen arm were delivered as previously
described®“®,

Management of Burkitt lymphoma

TREATMENT DOSE INTENSITY

The calculation of received dose intensity and
received mean relative dose intensity** (RDI) was
based on the methods of Hryniuk*“8 In the
calculation, the assumption was made that the
schedule and the route of drug delivery were of
less importance than the dose intensity. The dose
of steroids was ignored in the calculation of mean
RDI on the assumption that these agents have little

© 2025 European Society of Medicine 3



impact on treatment outcome in Burkitt's
lymphoma. The "standard regimens™ used in
calculation of mean RDI was that of Nkrumah“® for
cytosine arabinoside containing regimens, and that

of Ziegler* for methotrexate containing regimens.

COMPLIANCE AND SUPPORTIVE CARE

In order to ensure maximal compliance, patients
were encouraged to remain in the hospital for the
entire period of induction chemotherapy (i.e., for 5
to 6 weeks).

Figure 1: Chemotherapy of Burkitt lymphoma at the University College Hospital (UCH), Ibadan, Nigeria, 1979-1986
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UNIQUE OPERATIONAL CHALLENGES

Beginning in 1982 following the collapse of the
international price of petroleum?’*%*2  the mainstay
of  Nigeria's the supply of
chemotherapeutic agents became increasing
erratic. Parents had to purchase some of the drugs,
especially vincristine, for their wards, or none was
given to the children. Strikes and other industrial
actions became rampant thereby leading to
interrupted and delayed treatments. The level of

economy,

compliance of the parents varied and treatment
was frequently interrupted and the children were
often prematurely removed from the hospital.
Since many of the children came from remote
villages, in some cases up to several hundreds of
kilometers away, while others resided in nameless
and unreachable areas of the metropolis of Ibadan,
the process of follow-up was difficult and
unsatisfactory. Consent for investigations and
treatments could only be obtained by mutual oral
agreement between the investigators and the
parents of the patients.

ASSESSMENT OF TREATMENT OUTCOMES
Treatment outcomes evaluated include remission
status, remission duration, and progression free

© 2025 European Society of Medicine

survival. The remission date is defined as the last
day of remission induction chemotherapy in a
patient achieving complete or partial remission.
Relapse or progression date is defined as the date
that either systemic or CNS disease is documented
either physically, radiological or cytologically.

STATISTICAL METHODS

Chi-square analysis was performed to test the
association between dose intensity and remission
rate. Survival curves were estimated according to
Kaplan-Meier®® life-table method and differences
between curves were compared using the generalized
Wilcoxon test. Cox multivariate models>* were
performed to assess the prognostic factors by SAS
LIFETEST procedure'®. The level of significance was
set at 0.05. All p-values in this paper correspond to
two-sided significance SAS
software®® was used for these analyses.

tests. statistical

Results

The characteristics of the 113 previously untreated
Burkitt lymphoma patients seen at the University
College Hospital, Ibadan, Nigeria between 1979
and 1986, and their demographic characteristics are
provided in shown in Table 1. There was aratio 21:16
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preponderance of boys, with the median age
being 8.5 years (95% confidence interval [C.L.]:
7.82-9.07).

TUMOR SIZE - DEFINING LOW BULK AND HIGH
BULK

The mean size of the largest tumors was 11.4 cm in
maximum dimension (C.l.: 9.8-12.9). Most of the
largest tumors (41 of 79: 52%) measured between
0 and 10 cm in maximum dimension, while in 21
(26.6%) and 17 (21.5%) of other tumors, the
maximum dimension was 11-15 and 16 cm,

respectively. Defining a cutoff point between “low

bulk” and “high bulk” in terms of prognosis was a
challenge. This is in spite of the use of the
conventional cutoff level of 10 cm. Other cutoff
levels of 5 cm, 8 cm, 15 cm and 20 cm were of no
value for statistical test (chi-square test) in the
correlation of tumor size and disease outcomes.

Table 1: Demographic characteristics of 113 Burkitt lymphoma cases

Means 95% C.I.
Age 8.5 2.3-14.7
Subcategories # Cases Total
<=5 23
>5 64 87
<=8 34
>8 53 87
<=10 46
Tumor Size in cm ~10 A1 87 11.3 2.3-25.0
<=12 54
>12 33 87
<=15 69
>15 18 87
Male 63
Sex Female 48
Unknown 2
A+AR+B 10
Stage C+DSystemic 52
Dens 51

C.l.= Confidence interval.

STAGE
Most patients (92 of 101: 92%) presented with
advanced disease, either with central nervous

system (CNS) involvement (Stage D.ns) or without
CNS involvement (Stages C or Dgystemic).

© 2025 European Society of Medicine 5



Figure 2: The relationship between treatment outcome and dose intensity of vincristine (VCR), methotrexate
(MTX), cyclophosphamide (CTX) and cytosine arabinoside (ARA-C).
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TOTAL DOSE, DOSE INTENSITY AND RELATIVE
DOSE INTENSITY

The threshold dose intensities (per m?/week)
estimated for vincristine (VCR), methotrexate
(MTX), cyclophosphamide (CTX), and cytosine
arabinoside (ARA-C) are 0.1mg, 1.0mg, 160mg and
17mg respectively. The relationship between

treatment outcome and mean relative dose
intensity (Figure 3) is highly significant at the level
of p<0.0001, whether the calculation of the latter
pertains to systemically administered agents only,
or it is based on the combination of systemically
and intrathecally administered agents.

Figure 3: The relationship between percentage response rate and relative dose intensity of systemic

treatment regimens.
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In both situations, the dose-response curves
plateau between 70% and 80% response level. A
logistic regression analysis performed to
determine the relative importance of dose-

intensity and total dose in the treatment outcome

of BL showed the former and the latter to be highly
significant at p=0.01 and p=0.001, respectively, for
vincristine (VCR), while the former was for
cyclophosphamide at 0.06. Other dose variables
did not reach statistical significance.

Table 2: Prognostic factors in survival in Burkitt lymphoma

Prognostic factors

Total dose of cyclophosphamide

Dose intensity of intrathecal methotrexate
Gender®

Total dose of methotrexate

Total dose of cytosine arabinoside

Stage

p-values

0.0009
0.04
0.06
0.06
0.09

0.11

a: Females did better than males. Only the above listed factors were of statistical significance. The rest of the variables did not reach

statistical significance.

ESTIMATING TUMOR BURDEN

Consequent upon the lack of laboratory facilities
for determining serum LDH levels, which correlates
well with tumor volumes,* and in order to define
the criterion of low and high tumor burden, we
established the concept of total tumor burden
index (TTBI). This was arbitrarily defined as the product
of a number assigned incrementally to the stage
and the maximum diameter measurable on any tumor.

TUMOR SIZE, TUMOR BURDEN INDEX AND
TREATMENT OUTCOME

We found no statistically significant difference in
remission or survival rates observed in the three
categories of tumor burden index (TTBI) examined,
namely <=20, 21-50, and >50 (p=0.83) (Figure 4).

Figure 4: Survival rates observed in the three categories of tumor burden
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Tumor index (TTBI) examined, namely <=20, 21-50, and >50
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TREATMENT DURATION AND SURVIVAL

The relationship between treatment duration and
survival is shown in Figure 5. The survival rate was
better among patients treated for 43-94 days than
those treated for 42 days or less (p=0.0001).
Multivariate Cox model analysis showed other
factors associated with optimal survival, as shown

in Table 2, to include dose intensity of intrathecal
medication, gender (females did better than
males), relative dose intensity of systemic and
intrathecal treatments, disease stage, total dose of
intrathecal medication and the dose intensity of
cyclophosphamide.

Table 3: The relationship between tumor size and treatment outcomes (CR+PR)

Tumor size (cm)
Number of cases
<5 6-10 >11
70 87 71 75
<0.4* 50 33 57 50
0.4-0.6* CF(io‘/;l;R 85 91 74 81
>0.6* 50 100 73 75

(*): Three categories of RDIMURPHY

DOSE INTENSITY OF SINGLE AGENTS AND
RELATIVE DOSE INTENSITY OF DRUG
COMBINATIONS

Using Cox proportional hazard model, no
statistically significant relationship was observed

between progression free survival and the dose

intensities of the individual agents of VCR, MTX,
CTX, and ARA-C. However,
between progression free survival with relative
dose intensity of combination chemotherapy was
highly significant at p=0.0001.

the association

Table 4: Effect of tumor bulk and systemic treatment duration (days) on outcomes®

Factor p-value
High-bulk disease?
(<=42)
Treatment days®
(43-95) <0.0001
Low-bulk disease®
(<=42)
Treatment days® <0.0001
(43-95)

a: size greater than 10 cm; b: size less than 10 cm; c: total number of days on systemic or intrathecal chemotherapy; d: outcomes

(complete and partial remission, survival).

© 2025 European Society of Medicine 8



We found no statistically significant correlation
between treatment outcome and disease bulk
(Figure 4). However, treatment outcome correlated
with the relative dose intensity of treatment; i.e.,
the higher the relative dose intensity of treatment,
the better the treatment outcome, regardless of
the tumor bulk. We found no statistically significant
relationship between total tumor burden index and
outcome as determined either by remission rates
or overall survival.

In high-bulk disease (tumor size >= 10cm)
treatment outcome was 3 times better in cases who
received systemic chemotherapy for 43-95 days
(76% complete/partial remission) compared with
cases treated for <= 42 days (20% complete/partial

remission). This difference is statistically highly

Figure 5: Systemic disease progression-free survival

significant at p<0.0001. In low bulk disease, a
similar situation was observed with the patients
treated for 43-95 days showing a significantly
better outcome (87% complete/partial remission)
compared to cases with treatment duration of
<=42 days (8% complete/partial remission)
(p<0.0001 (Table 4). As shown in figure 4,
regardless of tumor-size category, there is a
correlation between progression free survival and
treatment duration both in relation to systemic
(panel a) (p<0.0001) and central nervous system
disease (panel b) (p<0005), whereby the treatment
duration of between 42 days and 95 days is the
best, as compared to that between less than 42
days and greater than 95 days, which is not
significant (p=0.0696).
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Systemic (panel a) and CNS disease progression-free survival (panel b) in relation to treatment duration.

Discussion

The past 50 years have witnessed a frenetic
evolution of cancer medicine, emerging from
historical global cluelessness about the disease®®
and propelled by the massive investments that
followed the enactment of the National Cancer Act
of the United States in 19718, This has resulted
in the systemic therapy of cancer, consisting in the
conventional chemotherapy®*°°%3 hormonal®**®,
and targeted therapy® " as well as immunotherapy®#,
which together, are responsible for the improvement
in cancer related mortality in developed countries
even as the population continues to age®. In the

developing world, where the majority of humanity
resides, the most accessible systemic therapy is the
hence the

conventional chemotherapy®®,

relevance of elucidating its background.

Models for cancer chemotherapy effects were
initially developed based on data from
experimental chemotherapy models*®** and have
subsequently been confirmed by outcomes in
clinical practice®*®®. Thus, the superiority of
treatment regimens with higher doses, and higher
dose intensities has been shown in retrospective
analysis of chemotherapy of advanced lymphoma®

as well as in prospective studies of chemotherapy

© 2025 European Society of Medicine 9



of childhood lymphoblastic leukemia®, adult germ
cell tumor® and advanced breast cancer®. The
results reported in this paper, even though they
emanated largely from real-world practice rather
than experimental designs, further confirm the
validity of the association between treatment dose
intensity and treatment outcomes as demonstrated
by the strong -correlation observed between
remission rates and the dose intensities of single
agents (Figure 2, and Table 5) and the mean
relative dose intensity of combination regimens
(Figure 3) (p<0.0001, Chi-square test), as well as
between progression free survival and mean
relative dose intensity. A similar association was
observed between total dose of received single
agents and remission rate. The data were
generated more than 35 years ago and are
probably the oldest of such data anywhere, and
have previously been presented at a symposium of
the American Association for Cancer Research
(AACR) in 1996°".

The estimated threshold dose of vincristine in the
combination regimens used in this study is, at
0.08mg/m?/week, only 16% of the threshold dose
of 0.5mg/m?/week of the drug for breast cancer®,.
Thus, Burkitt lymphoma (BL) is at least 6 times more
sensitive than breast cancer to vincristine. A similar
situation probably exists in terms of the sensitivity
of Burkitt lymphoma to other antineoplastic
agents. These observations suggest that BL may
serve better as a human model of cancer
chemotherapy than breast cancer and, probably,
other human cancers.

The limitations of the Goldie-Coldman's
hypothesis in cancer biology has been extensively
discussed®. Particularly notable is its failure to
explain the dramatic results obtained in some
drug-sensitive neoplasia such as BL?* and
choriocarcinoma'®. Given the enormous sizes at
presentation of many cases of BL, it is amazing that
the disease is so curable at a considerable rate by
chemotherapy. The failure in this study to observe
an inferior treatment outcome in association with

large compared to smaller BL would tend to

indicate the invalidity of this hypothesis in practical
oncology. It would seem that BL masses consist of
cells that are probably heterogenous in term of
drug sensitivity. However, in view of the generally
increased drug sensitivity, the relative sensitivity of
a good proportion of the tumor is well within the
pharmacologically achievable range.

PROGRESSION FREE SURVIVAL AND TREATMENT
DURATION

The results of our study also underline the
importance of treatment duration, among other
treatment and disease factors, in the overall
treatment outcome. Other treatment regimens
reporting better treatment outcomes have been
delivered over a much longer periods of times,
including the treatment regimens of Murphy et
al.**!1 While the longer duration of treatment may
not be the only reason for their successful outcome
of these treatment regimens, it probably played a
significant role. The findings in our study suggest
that treatment duration may be relatively more
important than other recognized determinants of
treatment outcome in BL, including stage, bulk and
the type of chemotherapeutic agent. On the other
hand, it would seem that treatment duration in BL
is unlikely to be open ended and indefinite, based
on the observation in this study, though
unexpected and rather counter intuitive, that
treatment duration of 95 days or longer is not
better than treatment for 42 or less and worse than
that of 43- 95 days (Figure 5).

RELATIONSHIP BETWEEN TUMOR BURDEN AND
CURABILITY OF CANCER

Observations in experimental models indicate that
as tumor population increases over time, there is
an increasing likelihood that one drug-resistant
clone will spontaneously appear in the tumor, and
that with more growth in the tumor population, and
the longer the elapsed time is from tumor initiation
and its management with chemotherapy, the
greater the likelihood of emergence of chemotherapy
resistance clones®. In other words, the longer the
delay of diagnosis, the higher the tumor bulk, the
greater the likelihood of emergence of drug-

© 2025 European Society of Medicine 10



resistant mutants, the lower the likelihood of
successful chemotherapeutic effectiveness. The
probability of cure is related to both tumor size and
the mutation rate to resistance. The lower the
latter quality is, the greater the probability of cure
for any tumor size®3. In other words, the higher the
growth rate, the higher the mutation rate to
treatment resistance. Giving the fact that BL has
the highest mutation rate in human oncogenesis?,
and with 92% of the Nigerian BL patients
presenting with advanced disease (Table 1), the
relatively poor outcome on standard treatment
regimen is to be expected based on the natural
dynamics of malignancy.

The adverse features of advanced tumor burden on
reduced curability of BL can be extrapolated to
observation in childhood acute lymphoblastic
leukemia in Ibadan, Nigeria. Using a treatment
regimen that was not significantly dissimilar to a
standard treatment used in developed countries in
the early 1980s, treatment outcomes in Nigerian
patients were inferior to the contemporary
outcomes in developed countries. This was not
only so in Nigeria!®?, but also in India®.

The causes of delayed treatment for cancer in a
developing country like Nigeria are numerous®,
and include lack of awareness by the patients and

their caregivers, lack of diagnostic capabilities and
failure of healthcare infrastructure leading to inability
to access diagnostic evaluation in timely manner'®,
thus resulting in what has been termed “incidence
gap” in South Asia and Sub-Sahara Africa’®'%. The
effort to reduce diagnostic delay is the subject of
current research endeavor, with the aim of
reducing the time to diagnosis by screening of at-
risk populations with flow cytometry and genetic
testing for early detection of genetic markers of BL,
in susceptible population®*. As health care
challenges in the developing world transition from
communicable to non-communicable diseases'®”
19 and as has previously been recognized in
international fora, such as the UNGAS 2012, the
key to progress in the management of cancer and
diseases in the
developing world is early disease recognition.

other noncommunicable

OVERCOMING RESISTANCE IN BURKITT
LYMPHOMA CHEMOTHERAPY

The same mathematical function that defines
curability with respect to tumor size can also be
used to develop a rationale for combination
chemotherapy. The probability of cure is related to
both tumor size and the mutation rate to
resistance!®. Thus, various

Figure 6: Clinical trial of the effectiveness of high-dose cytosine arabinoside in Burkitt lymphoma.
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strategies have been proposed as ways and means
One
proposals involved augmentation of treatment

of overcoming drug resistance. such

dose®®, while another involves the use of fixed

alternation schedules using equivalent non-cross
resistant drug combinations, e.g., the MOPP/
ABV®11 regimen for the treatment of advanced
Hodgkin lymphoma.

Table 5: Patient, treatment profiles, and outcomes by regimens: Randomized phase Il clinical trial, Ibadan,

Nigeria, 1984-1986,

R-I R-II p-value
Number randomized 14 (20-30)* 16 (20-30)*
Male/Female 4/10 6/10
Demography Age 9.5+3.5 8.5+2.5 >0.5
C 5 6
D-CNS+ 4 6
ot D-CNS- 4 3
ages
Undetermined 1 1
Vincristine 0.34 0.45 0.2
Cyclophosphamide 304 353 0.54
DI of agents Intravenous cytosine arabinoside
. 592.2 102.6 <0.0001
Intrathecal cytosine arabinoside
26.6 33.7 0.39
Number evaluated 9 11
Complete remission (%) 9/9 (100) 6/11 (54.5)
. . 0/9
Partial remission (%) 4/11 (36.4)
Outcomes (0.0)
. 0/9
No remission (%) 1/11 (9.2)
(0.0)
Survival proportion (%) 64.2 19.7 0.205

See figure 1 for further details; *: planned total number

The BL treatment experience at the UCH, Ibadan,
Nigeria between 1979 and 1986 are outlined in
Figure 1. While the observations in 1979 - 1981,
and 1981 to 1983 have been used to evaluate the
importance of treatment duration, those of 1984 to
1986 enabled us to evaluate the role of treatment
dose intensity, and, probably, the effectiveness of
the use of alternating schedules of non-cross
resistant drug combinations. In the randomized
clinical trial of 1984 to 1986, Regimen Il is
comparable in design (Figure 1) and efficacy to
what obtained in standard practice (Figures 4 and
5). The main difference between Regimen | and
Regimen Il is the use of high-dose cytosine
arabinoside in cycles 2 and 3 of Regimen |,
alternating with standard treatment in cycles 1 and
4. Thus, the marked difference observed in survival

© 2025 European Society of Medicine

in Regimen | patients is attributable to the DI of
cytosine arabinoside, and, possibly, also its use in
form of alternation schedule as a non-cross
resistant drug combination. Although the survival
difference between the two regimens is statistically
insignificant, this is because the study was not
designed or executed to demonstrate a survival
difference, but rather to show efficacy and safety.
As has been indicated earlier, the design of the
regimens used at the various timelines of the work
that have led to this report were done in response
to various extraneous factors. Thus, the use of high
doses of cytosine arabinoside only in the second
and third of the four treatment cycles was, primarily,
to reduce the risk of tumor lysis in the exposure of
bulky disease to intensive treatment in cycle 1,
thereby reducing the need for unavailable supportive

12



care. Furthermore, not giving the drug in a high
dose in the fourth cycle was because of the limited
availability of the drug in our coffers. It is apparent
that the outcomes with this pattern of the use of
the drug is also consistent with the effectiveness of
alternating non-cross resistant regimens.

Conclusion

Several biological features of Burkitt's lymphoma
(BL) have provided insight into human oncogenesis®.
Given its unique biological features, including its
high proliferative state, BL provides a unique
opportunity as a model in understanding cancer
management with chemotherapeutic agents. The
more recent emergence of newer forms of systemic
cancer therapies described earlier neither
invalidate the principles of cancer chemotherapy
nor render them obsolete. While they operate on
different principles®, they are increasingly being
used in complementary fashion, e.g., as antibody
drug  conjugates?1®,
antibodies are used for greater delivery of
traditional cytotoxic drugs for targeting cancer

where monoclonal

cells. In other situations, emerging knowledge of
some cancer types are indicating a need for
combined use of classes of systemic cancer therapy
agents. An example of this is the use of the immune
check point agent nivolumab in the management
of classical Hodgkin lymphoma?116-118,

Even though preliminary reports of this work were
published more than 25 years ago®!'° the
disruptive impact of socioeconomic readjustment
of the succeeding era!"*%*2 has made similar work
in the region virtually untenable. The fact that the
data were garnered from real-world practice in a
developing country should encourage practitioners,
especially those in the developing world, in
recognizing the need to keep to the principles of
the use of chemotherapeutic agents for desirable
treatment outcomes, as opposed to an “over-the-
counter” type of their use. It is conceivable that
failure to adhere consistently to chemotherapeutic
principles is the basis of management failures as
reported from a number of Nigerian institutions*?®

128 'where complete response rates of 35%?*22125129
and one-year overall survival of less than 5%*2212°,
compared to 44%%* 81% and 61%*°,
respectively, have been reported. Other factors
that would limit adequate BL management, such as
reduced treatment duration for less than 43, must
be avoided with determination. Furthermore, the
data on late diagnosis and its association with poor
treatment outcomes should encourage health care
policy makers to recognize the need for early
cancer diagnosis and avoidance of disease
recognition at stages, at which prospects for cure
are reduced.
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