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Abstract

Introduction

Cancer treatment options in sub-Saharan Africa are scarce despite an increasing burden of
disease. ldentification of those cancer patients who would benefit most from the limited
resources available would allow broader and more effective therapy.

Methods

We conducted a retrospective analysis of patients over the age of 18 at the time of a patho-
logic diagnosis of NHL between 2003 and 2010 who were residents of Kyandondo County
(Uganda) and presented to the Uganda Cancer Institute for care.

Results

A total of 128 patients were included in this analysis. Chemotherapy was recommended to
117 (91.4%) of the patients; the odds of recommending chemotherapy decreased for each
additional month of reported symptoms prior to diagnosis.

Of the 117 patients to whom chemotherapy was recommended, 111 (86.7%) patients
received at least 1 cycle of chemotherapy; HIV infected patients, as well as those with a lower
hemoglobin and advanced disease at the time of diagnosis were significantly less likely to
complete therapy. Among the patients who initiated chemotherapy, twenty patients died prior
to treatment completion (including nine who died within 30 days). Hemoglobin level at the time
of presentation was the only variable associated with early mortality in the adjusted model.

Conclusion

In resource-poor areas, it is essential to align health care expenditures with interven-
tions likely to provide benefit to affected populations. Targeting cancer therapy to
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those with a favorable chance of responding will not only save limited resources, but
will also prevent harm in those patients unlikely to realize an effect of cancer-directed
therapy.

Introduction

As mortality attributable to communicable diseases continues to fall in resource-limited set-
tings, cancer has become a large and growing threat to the health of populations in these
regions. Current estimates indicate that cancer is now responsible for more deaths globally
than HIV, malaria, and tuberculosis combined and future estimates project an even greater rel-
ative burden.[1, 2]Due in part to population growth, aging, and lifestyle factors (e.g. tobacco
use) the cumulative burden and mortality rates attributed to cancer are expected to increase in
the next 20 years globally.[3] Resource-limited regions, including sub-Saharan Africa (SSA),
will bear the brunt of this increase. Nearly half a million people are estimated to die of cancer
in 2020 in SSA, and the incidence of cancer will increase at least 40% between now and then.
(1]

Unfortunately, cancer treatment options in much of SSA are often hampered by a weak or
non-existent oncology health care infrastructure, resulting in advanced disease at presentation
and the limited availability of effective but cost prohibitive chemotherapy. Consequently,
patient outcomes are typically poor. In a retrospective analysis of over 150 patients with newly
diagnosed non-Hodgkin’s lymphoma (NHL) in Uganda, researchers found that nearly 40 per-
cent of patients died within in the first 12 months and that among those who died within the
first year, the median overall survival was only 2 months. Untreated HIV infection, low hemo-
globin, and constitutional symptoms independently predicted a worse outcome.[4] Similar
findings have been demonstrated among pediatric patients in Uganda as well, as the presence
of constitutional symptoms, low hemoglobin level, and poor performance status were predic-
tive of 30 day mortality.[5] These same factors have been prospectively shown to be associated
with poor prognosis and early mortality in resource-abundant regions as well.[6-8]

Given the late-stage of presentation typical in resource-poor regions, it is also less clear
whether early mortality represents disease progression or treatment related toxicity. Conse-
quently, in resource poor settings there is an unmet need regarding prognostic factors that
would identify patients likely to benefit from standard cancer directed therapy and those
patients who would be better served by alternative therapeutic options, including palliative
and supportive measures. Such data may inform clinical decision-making and help optimize
the limited resources available.

Here we describe characteristics of patients with a new diagnosis of pathologically con-
firmed NHL presenting for care at Uganda Cancer Institute, identify patient factors associated
with the recommendation to receive and complete cancer-directed therapy, and document fac-
tors associated with early mortality among patients receiving chemotherapy.

Methods

We conducted an analysis of patients age 18 or older at the time of diagnosis of NHL between
2003 and 2010 who were residents of Kyadondo County (Uganda) and part of a retrospective
cohort study previously described.[9] Kyadondo County comprises Kampala city, the capital
of Uganda, and its peri-urban areas. Cases were identified from the Kampala Cancer Registry
(KCR)-a population-based cancer registry covering Kyadondo County and provides among
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the longest series of cancer incidence in SSA. We transferred patient lists from KCR were to
the Uganda Cancer Institute (UCI), the nation’s sole cancer center, and Mulago Hospital, a
university teaching hospital, which are located in Kampala City. Given that it is not mandatory
to report cases of cancer to the registry, we identified eligible patients from patient records at
the UCI and Mulago Hospital who had not yet been recorded in the KCR. Pathological evalua-
tion was performed locally and all patients received care at the UCI. The UCI is an 80-bed pub-
lic medical care facility and cares for approximately 200 patients daily in both the inpatient
and outpatient setting. Medications on the formulary used in the treatment of NHL (e.g. cyclo-
phosphamide, doxorubicin, vincristine, prednisone [CHOP]) are provided free of charge.
Ancillary medications that are not on the formulary, including rituximab and growth factor
support can be purchased privately and administered at the UCL. However, given the expense
of these medications the use of such ancillary medications remains rare.

We reviewed medical records were reviewed for all eligible patients. Patients without a
pathologically confirmed diagnosis were not included in this analysis. Additionally, we
excluded patients with Hodgkin Lymphoma, lymphoma not otherwise specified, or those
determined to have a relapsed malignancy from this analysis.

Demographic (e.g. sex, age at diagnosis), clinical (e.g. symptom duration, comorbidities,
physical exam findings, clinical stage) and laboratory data (e.g. hemoglobin, LDH, albumin) at
the time of diagnosis were abstracted from the medical record. When available, we abstracted
radiographic data, typically an abdominal ultrasound and/or chest radiograph. As per standard
clinical staging systems, early stage disease included either the involvement of a single lymph
node region (Stage 1) or the presence of 2 or more lymph node regions on the same side of the
diaphragm (Stage 2). We characterized advanced disease by involvement of lymph node
regions on both sides of the diaphragm (Stage 3) or diffuse disease (Stage 4).[10] In the event
that clinical stage was not recorded in the medical record, a study physician at UCI reviewed
the medical record and assigned a clinical stage. HIV status was ascertained by either the pres-
ence of results of HIV antibody testing, documentation of care at a local HIV treatment facil-
ity, or documentation of HIV status in the clinical notes. We assessed medical records for the
presence of the following symptoms or signs: palpable mass, dysphagia, bone pain, edema,
tever, hepatomegaly, bleeding, fatigue, ascites, wasting, anemia, and pleural effusion. A symp-
tom score, a composite measure of the individual symptoms reported, was created; each symp-
tom was given the same weight. Similarly, a comorbidity index was calculated with each
coexisting medical illness contributing equally to this measurement. Performance status data
were not routinely recorded in the medical record and were therefore not included in this
analysis.

The primary outcome measure was whether chemotherapy was recommended by the treat-
ing clinician. We assessed whether demographic, clinical, and laboratory measurements were
associated with the recommendation for treatment with chemotherapy using logistic regres-
sion models. Variables with a p value < 0.20 in the unadjusted model were included in the
adjusted logistic regression analysis.[11] We conducted a similar analysis among those patients
who completed the recommended course of chemotherapy.

In order to assess early mortality, we calculated 30-day survival for patients as well as evalu-
ated those who died prior to completion of the first course of chemotherapy. Survival time was
calculated by measuring the time difference between the date of either the initial presentation
or initial pathologic diagnosis, whichever occurred earlier, and date of death. Patients with
missing survival data were excluded from the early mortality analyses. Bivariate associations
between demographic, clinical, and laboratory features and early mortality were analyzed
using logistic regressions. Features which were associated with early mortality on bivariate
analyses (p < .20) were included in a multivariate analysis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0191967 February 1, 2018 3/10


https://doi.org/10.1371/journal.pone.0191967

i@g"L‘)S;|ONE

Factors associated with treatment recommendations at the UCI

This study was approved by the Makerere University College of Health Sciences Research
Ethics Committee (Kampala, Uganda) and the Fred Hutchinson Cancer Research Center’s
Institutional Review Board (Seattle, WA, USA). All data were fully anonymized prior to access
and analysis.

Results

A total of 128 patients presenting to the Uganda Cancer Institute (UCI) between 2003 and
2010 with a pathologic diagnosis of NHL were included in this analysis. The median age at pre-
sentation for care was 39.5 years (range 19-82 years); 46% (59/128) of the patients were female.
Over half of the patients (57.0%; 73/128) were HIV positive; other comorbidities such as tuber-
culosis (15.6%; 19/128), cardiovascular disease (6.7%; 8/128) and diabetes (5.7%; 7/128) were
less common. The median baseline hemoglobin level was 10.8 g/dl (IQR 8.5-12.6) and the
median LDH was elevated at 416 units/L. (Table 1).

Nearly 90% (105/128) of the patients presented with advanced disease. The vast majority of
patients (97.0%; 124/128) reported at least 1 symptom at presentation and a median of 3

Table 1. Demographic, clinical, and lab characteristics (N = 128).

Characteristic n (%)
Gender

Male 69 (53.9)
Female 59 (46.1)
Age, in years, median (range) 39.5 (19-82)
Presenting symptoms

Mass 98 (76.6)
Fever 73 (57.0)
Wasting 67 (52.3)
Anemia 48 (37.5)
Symptom duration prior to presentation, in months, median (range) 4 (1-96)
Symptom score, median (range) 3(0-9)

Stage at presentation

1 4(3.3)

2 11(9.2)

3 43 (35.8)
4 62 (51.7)
HIV—infected 73 (57.0)
Comorbid conditions

Tuberculosis 19 (15.6)
Lung disease 9(7.4)
Liver disease 9(7.4)
Cardiovascular disease 8 (6.7)
Diabetes 7 (5.7)
Laboratory results at presentation

Hemoglobin (g/dL), median (IQR) 10.8 (8.6-12.6)
LDH (units/L), median 416
Albumin (g/L), median 33
Chemotherapy recommended 117 (91.4)
Chemotherapy received (at least 1 cycle) 111 (86.7)
Completed course of therapy 58 (48.3)

https://doi.org/10.1371/journal.pone.0191967.t001
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Table 2. Factors associated with recommendation for chemotherapy.

Female

Age (each additional year)

Symptom score (each additional symptom)
Symptom duration (each additional month)
HIV-infected

Comorbidity score

Hemoglobin (each unit increase g/dL)

Stage at presentation”

Bivariate Multivariate
Odds Ratio 95% CI Odds Ratio 95% CI
2.44 [.62,9.69] NA
1.04 [.98,1.09] 1.04 [.98, 1.11]
0.91 [.64,1.29] NA
0.97 [.93,1.00] 0.95 [.92,.99]
0.74 [.21,2.66] NA
+
1.07 [.87,1.31] NA
0.23 [.06, 1.05] 0.19 [.04, 1.02]

* All patients with limited stage disease (i.e. Stage 1 or 2) were recommended to receive chemotherapy.

+ All patients with a comorbidity score > 1 were recommended to receive chemotherapy

https://doi.org/10.1371/journal.pone.0191967.t1002

separate symptoms. Fever (57.0%; 73/128), a palpable mass (76.6%; 98/128), and wasting
(52.3%; 67/128) were the most common presenting symptoms. Chemotherapy was recom-
mended to 117 (91.4%) of the patients and was initiated on 111 of those patients. Of those
patients who started chemotherapy, 58 (48.3%) patients completed the recommended course
of chemotherapy (nearly all of whom received 6 cycles of chemotherapy). Of the 53 patients
who did not complete the complete course of chemotherapy, 18 (34%) died prior to the com-
pletion of therapy; the remainder were either lost to follow-up (25; 47%) or the specific reason
was not known (10; 18.9%). Notably, financial constraints did not preclude completion of che-
motherapy for any of the patients.

On bivariate analysis, increasing age, shorter symptom duration, and lower stage at presen-
tation were associated with an increased odds of receiving a recommendation for chemother-
apy. In the adjusted model, only symptom duration (OR =.95; 95% CI [.92,.99]) remained
significantly associated with a decreased odds of recommending chemotherapy by 5% for each
additional month of symptom duration at presentation. (Table 2). Of the 11 patients who were
not recommended to receive chemotherapy, 6 (54.5%) died within 30 days of presentation.

On bivariate analysis, HIV-uninfected patients, as well as those patients presenting with a
longer duration of symptoms, higher hemoglobin, and less advanced stage of disease were
more likely to complete the course of chemotherapy. In the adjusted model, patients with a
higher hemoglobin (OR = 1.28; 95% CI [1.06,1.53]) and those with an earlier stage of disease
(OR =0.34; 95% CI [0.18, 0.67]) remained more likely to complete therapy than their counter-
parts (Table 3).

Table 3. Factors associated with completion of first course of therapy.

Female

Age (each additional year)

Symptom score (each additional symptom)
Symptom duration (each additional month)
HIV infection

Comorbidity index

Hemoglobin (each unit increase) g/dL)

Stage at presentation (each additional stage)

https://doi.org/10.1371/journal.pone.0191967.t003

Bivariate Multivariate
0Odds Ratio 95% CI Odds Ratio 95% CI
0.76 [.37, 1.56]

1.01 [.98, 1.03]

0.91 [.73 1.13]

1.05 (.99, 1.11] 1.06 [.99, 1.14]
0.51 [.25, 1.07] 40 [.16, 1.05]
0.86 [.56, 1.34]

1.31 [1.13, 1.51] 1.28 [1.06, 1.53]
0.29 [.16, .54] 0.34 [.18,.67]
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Table 4. Factors associated with early mortality.

Bivariate Multivariate
0Odds Ratio 95% CI Odds Ratio 95% CI

Female 0.93 [.24, 3.64] NA

Age (each additional year) 1.01 [.96, 1.06] NA

Symptom score (each additional symptom) 0.80 [.49, 1.30] NA

Symptom duration (each additional month) 0.99 [.92,1.07] NA

HIV-infected 0.58 [.15,2.27] NA

Comorbidity score (each additional comorbidity) 0.45 [.13,1.53] NA

Hemoglobin (each unit increase) g/dL) 0.75 [.59, .94] 0.75 [59, .97]
Stage at presentation (each additional stage)* 3.22 [.76,13.7] 2.4 [.58,10.3]

*only patients with advanced stage of disease at presentation died within 30 days of treatment

https://doi.org/10.1371/journal.pone.0191967.1004

Of the 111 patients who started chemotherapy, nine patients (8.1%) died within 30 days of
diagnosis. On the bivariate analysis, patients with a lower hemoglobin and advanced stage of
disease at presentation were more likely to die within 30 days. In adjusted analyses, only hemo-
globin at time of presentation (OR =.75; 95 CI [.59, .97] remained associated with early mor-
tality (Table 4).

Among patients who received at least 1 cycle of chemotherapy and who were lost to follow-
up (n = 42; 37.8%), the mean age was 42.6 and comparable to those patients with complete fol-
low-up. Patients lost to follow up had comparable levels of hemoglobin and presented at a sim-
ilar stage of disease as their counterparts. However, patients lost to follow-up were more likely
to be HIV positive (71.4% vs. 46.4%; p < .05).

Discussion

In our study, the vast majority of patients were symptomatic and presented with an advanced
stage of disease; the recommendation for treatment was nearly universal. This recommenda-
tion is similar in resource-abundant areas where therapeutic decision-making among patients
with NHL is typically independent of the presence of validated poor prognostic factors, includ-
ing poor performance status, anemia, and age, given the ability to cure a subset of patients
with treatment and the dire prognosis in the absence of treatment. Indeed, most patients with
NHL receive the same dose intense regimen independent of age and performance status.[12-
16]

Although the sample size is small, patients with a longer duration of symptoms were less
likely to receive a recommendation for chemotherapy. Although we do not know the clinical
decision-making involved, the failure to recommend therapy in these patients with prolonged
symptoms may have been due to perceived inability to tolerate the combination chemother-
apy. Multiple studies have documented the prognostic utility of a patient’s performance status
in determining the utility of and patient’s tolerance of chemotherapy, however the data are pri-
marily limited to solid malignancies.[17, 18] Similarly, a recent systematic review of over 200
studies found that shorter time period between symptom onset and diagnosis was associated
with an improved outcome[19].

If a patient were to receive any chemotherapy, patients with advanced stage of disease, and
lower hemoglobin were less likely to complete therapy. Given the consequences of anemia, a
low hemoglobin may serve as a proxy for functional status, which has been validated as both a
predictor of response to therapy and in prognosis of outcome in both resource-poor and
resource-abundant setting. [4, 6-8, 17, 18] A low hemoglobin level may also have limited the
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patient’s ability to tolerate potentially curative cancer-directed therapy. Alternatively, anemia
may be involved in the causal pathway in the pathogenesis of NHL, such that bone marrow
involvement (and the consequent decreased hemoglobin) is indicative of more aggressive dis-
ease. Similarly, both advanced stage and low hemoglobin were related to early death among
those treated with chemotherapy on the bivariate analysis. Although the direction of the rela-
tionship can not be determined from this analysis, this relationship was only maintained for
those with a low hemoglobin in the adjusted analysis.

Given their independent effect on response to therapy and overall survival, clinical prog-
nostic indices are often used in resource-abundant countries to identify which patients will
derive a benefit from cancer-directed therapy and which patients may be better served by sup-
portive measures. The International Non-Hodgkin’s Lymphoma Prognostic Factors Project
developed a model based on clinical factors to predict outcome among patients with newly
diagnosed NHL in the pre-rituximab era.[20] These researchers found that five variables (i.e.
age, stage of disease, LDH, performance status, and extent of extranodal disease involvement)
could risk stratify patients with aggressive NHL into four prognostic groups and serve as the
International Prognostic Index (IPI). Although the prognostic utility of such variables is less
well validated in the era of targeted therapy, including rituximab, older data are particularly
relevant in sub-Saharan Africa where the use of rituximab and other targeted therapies are not
readily available. Indeed, the treatment for the majority of NHL patients with CHOP (without
the use of rituximab or other targeted therapy) remains the same now in Uganda as it was dur-
ing the period of this analysis. Notably, the IPI did not include hemoglobin in its prognostic
index. However, a hemoglobin less than 12 g/dL (in addition to age, stage, number of nodal
areas, and elevated LDH) was prognostic among patients with follicular lymphoma as per the
Follicular Lymphoma International Prognostic Index (FLIPI).[21]

Recently, colleagues documented the lack of survival benefit and the detrimental effect of
quality of life among patients with end-stage cancer (i.e. a physician-estimated life expectancy
of less than or equal to 6 months) and a good performance status receiving chemotherapy[22].
The toxicity of combination chemotherapy is likely even more profound in resource-limited
settings given the lack of supportive therapies. A retrospective study of elderly patients with
either intermediate or high grade NHL treated with combination chemotherapy (i.e. CHOP)
in Peru found that there were 35 deaths among the 267 patients treated (13.1%); the majority
of these treatment related deaths were secondary to infection.[23] A comprehensive and sys-
tematic review of 17 randomized controlled trials revealed that the use of prophylactic granu-
locyte-colony stimulating factor (G-CSF) decreased the risk of febrile neutropenia and early
death-including infection related mortality. [24]Indeed, current guidance from the American
Society of Clinical Oncology, the European Organization for Research and Treatment of Can-
cer, the Infectious Disease Society of America, and the National Comprehensive Cancer Net-
work recommend primary prophylaxis when the incidence of febrile neutropenia is expected
to be greater than 20%.[25-28] In Uganda, the use of G-CSF to treat or prevent chemother-
apy-induced neutropenia is not routine and generally unaffordable. As such, the risk of poten-
tially fatal infections is high.

In the setting of cancer-directed therapy in resource-abundant areas, early mortality is
often related to sequelae from the treatment rather than progression of disease and is termed
treatment-related mortality, however its definition of has not been well harmonized.[29]
Regardless, given the potential for cure, the vast majority of patients with NHL in resource-
abundant areas are treated independent of prognosis and risk of treatment related morbidity
or mortality. However, the toxicity of cancer-directed therapy, including myelosuppression, is
likely more severe and lethal in resource-poor regions where the risk of infection is high and
the availability of supportive therapies, including blood transfusion and prophylactic
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antibiotics, is limited.[30, 31] Although widely used, the IPI has not been prospectively vali-
dated in resource-poor regions of the world. Previous retrospective data in Uganda have iden-
tified predictors of poor survival, including low hemoglobin and presence of constitutional
symptoms, among patients older than age 13 with NHL.[4] In our study, only a low hemoglo-
bin was associated with early mortality. Regardless, locally relevant and validated prognostic
indices are necessary.

The primary limitation of this study is the large percentage of patients who were lost to fol-
low up, a challenge in resource-poor settings with a limited health care infrastructure. While
data are relatively complete with regard to treatment recommendations, data are incomplete
regarding outcome. As such, we are unable to evaluate treatment efficacy. Patients with incom-
plete outcome data were excluded from the early mortality analysis but patients who were lost
to follow-up were more likely to HIV positive. Additionally, although patients were diagnosed
based on pathologic evaluation, recent data suggest concerns with both false positive and false
negative results. [32]. Finally, the histologic subtype of NHL includes both indolent and
aggressive variants. Nevertheless, we feel that our findings represent the reality of clinical care
in resource-poor settings but highlight the need for complete prospective data on patients with
newly diagnosed NHL in SSA. Such information will allow clinicians to develop and validate a
locally-relevant prognostic index and determine whether such measures inform survival and
optimize treatment decisions. Although relevant globally, the allocation of scarce health care
resources, including cytotoxic chemotherapy, to those patients that will be most likely to derive
a meaningful benefit is imperative in resource-poor regions. Targeting therapy will not only
save limited resources, it will also prevent harm in those patients unlikely to realize an effect of
cancer-directed therapy.
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