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Background: The established International Prognostic Index for
lymphomas has not included patients with systemic AIDS-related
non-Hodgkin lymphoma.

Objective: To establish the most appropriate prognostic index
for use in patients with systemic AIDS-related non-Hodgkin lym-
phoma.

Design: A prospective study involving univariate and multivari-
able analyses of patients with AIDS-related non-Hodgkin lym-
phoma whose data were used to examine standard and new
criteria for survival after diagnosis.

Setting: The Chelsea and Westminster cohort of HIV-1–infected
persons.

Patients: 9621 HIV-positive patients, 111 in whom AIDS-related
non-Hodgkin lymphoma was treated after 1996, in the era of
highly active antiretroviral therapy (HAART).

Intervention: Cox proportional hazards regression analysis to
determine the prognostic significance of multiple clinicopathologic
variables.

Results: Survival of patients with AIDS-related non-Hodgkin lym-
phoma has increased in the HAART era (log-rank chi-square, 9.23;
P � 0.002). Univariate analyses using the established International

Prognostic Index factors of age, tumor stage, lactate dehydrogen-
ase level, Eastern Cooperative Oncology Group performance sta-
tus, and number of extranodal sites were confirmed to be signif-
icant variables. Regression modeling for patients in whom disease
was diagnosed after 1996 revealed only 2 independent predictors
of death: International Prognostic Index risk group and CD4 cell
count. These predictors yielded 4 internally validated risk strata
with predicted 1-year survival rates of 82%, 47%, 20%, and 15%
(P < 0.001). Prognostic risk scores in the highest quartile yielded
a likelihood ratio for death of 7.90 (hazard ratio, 1.0), whereas a
prognostic score less than 1.0 yielded a likelihood ratio of 0.23
(hazard ratio, 0.15 [95% CI, 0.06 to 0.33]).

Limitations: The sample was small, and different HAART regi-
mens were used.

Conclusions: For patients with AIDS-related non-Hodgkin lym-
phoma that was diagnosed in the era of HAART, application of
the International Prognostic Index remains useful. The addition of
CD4 cell count provides further independent prognostic informa-
tion. Patients who present with AIDS-related non-Hodgkin lym-
phoma and a low CD4 cell count have a poor prognosis; this
information can be used to guide therapeutic options.
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The lymphomas are a diverse group of malignant disor-
ders that vary in their molecular features, genetics, clin-

ical presentation, treatment, and outcome. Major advances
in our understanding of the biology of these diseases have
been made, leading to new therapies and classifications.
Although combination chemotherapy cures intermediate-
or high-grade aggressive non-Hodgkin lymphomas in
many patients, approximately 50% of patients die of the
disease (1). Because Ann Arbor disease staging does not
predict outcome (2, 3), the International Prognostic Index
was introduced in 1993 to segregate aggressive lymphomas
in terms of survival (4). From 2031 patients studied, 4 risk
groups were derived on the basis of age, tumor stage, serum
lactate dehydrogenase level, performance status, and num-
ber of extranodal disease sites.

As we enter the third decade of the AIDS epidemic, it
is apparent that many cancers are more common in people
infected with HIV. Non-Hodgkin lymphoma remains the
second most common tumor in such patients (after Kaposi
sarcoma), and the rate of death from systemic AIDS-re-
lated non-Hodgkin lymphoma remains high (5, 6). The
median duration of survival reported with chemotherapy
before the availability of highly active antiretroviral therapy
(HAART) was 2 to 13 months (7). The outcome of AIDS-
related non-Hodgkin lymphoma appears to have improved

in the post-HAART era, and phase II studies describe me-
dian duration of survival of 15 to 34 months (8–15), an
interval similar to that observed among all patients with
advanced-stage, high-grade non-Hodgkin lymphoma. It is
hypothesized that these improvements are associated with a
change in prognostic factors. We sought to develop a new
prognostic model for HIV-associated non-Hodgkin lym-
phoma in the era of HAART, a treatment that has been
available in established market economies since 1996.

Small prognostic studies of AIDS-related non-
Hodgkin lymphoma in patients who presented in the pre-
HAART era suggest that application of the International
Prognostic Index may be useful in HIV-infected patients
(16, 17). We therefore aimed to confirm the validity of the
International Prognostic Index, to identify additional prog-
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nostic factors for patients with AIDS-related non-Hodgkin
lymphoma in the era of HAART, and to devise a new
prognostic model for these patients.

METHODS

Patients
The Chelsea and Westminster HIV cohort is one of

the largest in Europe. Clinical information on 9621 HIV-1
seropositive patients has been accumulated since 1986. All
patients in whom lymphoma was diagnosed were identified
prospectively; these included 215 patients with AIDS-re-
lated non-Hodgkin lymphoma, 60 with primary central
nervous system lymphomas, and 26 with Hodgkin disease.

We estimated prognostic factors for AIDS-related
non-Hodgkin lymphoma in the HAART era in patients
receiving HAART. Patients with Hodgkin disease and pri-
mary central nervous system lymphomas were excluded.
The HAART era is defined as commencing on 1 January
1996, when this treatment became routinely available at
our institution and many others. One hundred eleven pa-
tients with AIDS-related non-Hodgkin lymphoma received
a diagnosis after this date. Highly active antiretroviral ther-
apy is defined as a combination of at least 3 antiretroviral
agents, including a nucleoside analogue backbone com-
bined with a protease inhibitor or a nonnucleoside reverse
transcriptase inhibitor or both classes of drug, according to
generally accepted definitions (18).

All patients had histologically confirmed diagnoses of
AIDS-related non-Hodgkin lymphoma, and more than
95% had aggressive B-cell disease. All patients had full
staging at diagnosis, including examination of bone mar-
row and cerebrospinal fluid. All patients received a single
dose of intrathecal chemoprophylaxis with their staging
lumbar puncture. Patients with Burkitt lymphoma or bone

marrow, paranasal, or paraspinal involvement received a
further 5 doses of intrathecal chemotherapy. Between 1996
and 1998, the patients with AIDS-related non-Hodgkin
lymphoma diagnosed in the era of HAART received che-
motherapy with bleomycin, etoposide, vincristine, metho-
trexate, prednisolone/cyclophosphamide, and doxorubicin
(18 patients) or cyclophosphamide, hydroxydoxorubicin,
vincristine, and prednisone (3 patients). A further 21 pa-
tients received chemotherapy with cisplatin, vinblastine,
and bleomycin (17 patients); radiotherapy alone (3 pa-
tients); or best supportive care (1 patient). Since 1999, 59
patients have been treated with infused cyclophosphamide,
doxorubicin, and etoposide chemotherapy (13, 19); 2 have
received cyclophosphamide, hydroxydoxorubicin, vincris-
tine, and prednisone; and 8 (including 3 in whom disease
was diagnosed at autopsy) received best supportive care only.

The CD4 cell subset analysis was performed by using
whole blood stained with murine antihuman monoclonal
antibodies to CD4 (TetraOne [Beckman Coulter, High
Wycombe, United Kingdom]) on an Epics XL-MCL mul-
tiparametric flow cytometer (Beckman Coulter).

Statistical Analysis
Variables were compared between groups by using the

chi-square test for nominal variables and the Mann–
Whitney U test for nonparametric variables. Survival was
calculated from the day of diagnosis of AIDS-related non-
Hodgkin lymphoma until death or the date of last follow-
up. Curves for overall duration of survival were plotted
according to the method of Kaplan and Meier (20). The
log-rank method was used to test for the significance of
differences in survival distributions (21) and univariate
Cox proportional hazards regression analysis was used to
determine the prognostic significance of clinicopathologic
variables at presentation with AIDS-related non-Hodgkin
lymphoma. Cox multivariable modeling was used to deter-
mine independent variables predictive of survival by enter-
ing all variables that were significant in univariate analysis
(at a level of P � 0.15). A prognostic model was then
constructed from these data by dividing each � coefficient
in the final multivariable models with significant predictors
by the lowest � to 2 decimal places. Using these point
values, a risk score was assigned to each patient by sum-
ming the values for each risk factor present. The prognostic
score derived was then grouped into quartiles so that ap-
proximately equal numbers of patients were included in
each of these categories. The chosen cutoff values for the
prognostic risk scores were further investigated by using
receiver-operating characteristic methods.

Because the performance of prognostic models may be
optimistically overestimated when they are determined on
the basis of a small sample, a higher apparent performance
than that observed in an independent sample of patients
not considered in the modeling process may result (22,
23). To formally confirm the validity of the prognostic
index based on a small sample, we used the internal em-

Context

The International Prognostic Index (IPI) predicts survival in
patients with lymphoma, but its applicability to AIDS-
related lymphomas in the era of highly active antiretroviral
therapy has not been evaluated. The IPI stratifies patients
into risk groups on the basis of age, tumor stage, serum
lactate dehydrogenase levels, performance status, and
number of extranodal sites.

Contribution

Among 111 patients with AIDS-related lymphoma diag-
nosed since 1996, the IPI and CD4 cell count separated
patients into 4 strata with 1-year survival rates of 82%,
47%, 20%, and 15%.

Implications

The IPI and CD4 cell count can help physicians predict the
prognosis of patients with AIDS-related lymphoma.

–The Editors
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pirical distribution function, placing equal probabilities on
every original data value, as described elsewhere (24). Non-
parametric bootstrapping was used to draw a sample by
selecting independent bootstrap values (25–28). Each of
these consisted of 111 data points drawn with replacement
where each sample unit was replaced in the data set, such
that they could be chosen subsequently in random selec-
tion. Resampled data were used to generate bootstrap esti-
mates of the hazard ratio, based on the multivariable model
presented for the HAART era. These were determined by
2000 iterations of such resampling.

RESULTS

The overall duration of survival was significantly
greater for patients in whom non-Hodgkin lymphoma was
diagnosed in the HAART era compared with those in
whom the disease was diagnosed in the pre-HAART era
(log-rank chi-square, 9.23; P � 0.002) (Figure 1). Among
the 215 patients with AIDS-related non-Hodgkin lym-
phoma, the actuarial overall survival rate, including all
causes of death, was 32% at 2 years (95% CI, 25% to
39%) and 26% at 5 years (CI, 19% to 33%).

Although patients whose disease was diagnosed in the
HAART era had significantly higher CD4 cell counts at
presentation (median value, 144 � 106 cells/L vs.
45 � 106 cells/L; P � 0.001), better Eastern Cooperative
Oncology Group performance status (P � 0.003), and
fewer previous AIDS-defining illnesses (P � 0.001) than

did patients whose disease was diagnosed before the
HAART era, the former patients were older (P � 0.001)
and had a higher serum lactate dehydrogenase level (P �
0.001) (data not shown). Univariate Cox proportional haz-
ards regression analysis identified many prognostic factors
for survival after diagnosis of AIDS-related non-Hodgkin
lymphoma in the HAART era, including low CD4 cell
count, stage III or IV disease, B-class symptoms, lower
Eastern Cooperative Oncology Group performance status,
bone marrow and meningeal involvement, and more than
1 extranodal site at presentation (Table 1).

The originally described International Prognostic In-
dex criteria (age, disease stage, serum lactate dehydrogen-
ase, performance status, and extent of extranodal disease)
were analyzed separately to assess their prognostic signifi-
cance. All factors except age were found to be of significant
prognostic value; however, only 6 patients were older than
60 years of age. These criteria were grouped to create 4 risk
categories: low, low-intermediate, high-intermediate, and
high. International Prognostic Index risk group was a sig-
nificant prognostic factor in both patients whose disease
was diagnosed in the HAART era (P � 0.001) and those
in whom disease was diagnosed before HAART (P �
0.011). The International Prognostic Index was found to
be significantly associated with overall survival for the
whole cohort combined (P � 0.001).

Multivariable modeling was performed by including
the International Prognostic Index scores and excluding

Figure 1. Kaplan–Meier overall survival curve for 215 patients with systemic AIDS-related non-Hodgkin lymphoma (NHL) diagnosed
in the era before (104 patients) and after (111 patients) highly active antiretroviral therapy (HAART).

All causes of death are included (log-rank chi-square, 9.23; P � 0.002).
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Table 1. Clinicopathologic Characteristics of 111 Patients with AIDS-Related Non-Hodgkin Lymphoma Diagnosed in the Era of Highly
Active Antiretroviral Therapy, and Likelihood of Death after Diagnosis, by Univariate Cox Proportional Hazards Regression

Variable in Univariate Model Patients Who Died
(n � 62), n (%)*†

Hazard Ratio (95% CI)

Sex
Female 6 (67) 1.01 (0.98–1.03)
Male 56 (55) 1.211 (0.52–2.81)

CD4 cell count, by interquartile range
�22 � 106 cells/L 15 (82) 3.75 (1.75–8.04)
23–93 � 106 cells/L 14 (70) 2.25 (1.06–4.79)
94–231 � 106 cells/L 20 (54) 1.43 (0.71–2.88)
�231 � 106 cells/L 13 (36) 1

CD4 cell count
�100 � 106 cells/L 30 (76) 2.17 (1.31–3.59)
�100 � 106 cells/L 32 (44) 1

Previous AIDS diagnosis
Yes 19 (64) 1.23 (0.72–2.11)
No 43 (53) 1

Stage
I or II 7 (27) 0.30 (0.14–0.66)
III or IV 55 (65) 1

Class of symptoms
A 8 (31) 0.35 (0.17–0.73)
B 54 (64) 1

Eastern Cooperative Oncology Group performance status
�1 14 (25) 0.20 (0.10–0.37)
�1 48 (77) 1

Bone marrow involvement
Yes 17 (77) 2.41 (1.36–4.26)
No 45 (51) 1

Meningeal disease at diagnosis
Yes 14 (82) 2.26 (1.24–4.12)
No 48 (51) 1

Liver involved at presentation
Yes 23 (64) 1.32 (0.79–2.20)
No 39 (52) 1

>1 extranodal site at presentation
Yes 32 (68) 1.76 (1.07–2.90)
No 30 (47) 1

Increased serum lactate dehydrogenase level
Yes 46 (64) 1.76 (0.99–3.10)
No 16 (41) 1

Burkitt lymphoma
Yes 11 (79) 2.15 (1.11–4.16)
No 51 (53) 1

Hepatitis C diagnosed before AIDS-related lymphoma
Not tested 38 (51) 0.82 (0.49–1.30)
Positive 2 (50) 0.77 (0.18–3.26)
Negative 22 (67) 1

Most recent hepatitis C status
Not tested 50 (64) 2.30 (1.19–4.43)
Positive 1 (25) 0.52 (0.07–4.05)
Negative 11 (37) 1

International Prognostic Index risk group
High 25 (96) 7.66 (3.11–18.85)
High-intermediate 18 (60) 3.42 (1.35–8.63)
Low-intermediate 13 (42) 1.90 (0.72–5.01)
Low 6 (25) 1

* Percentages are derived from the full cohort of 111 patients. For example, 56 of the 62 patients who died were male, and these patients made up 55% of men with
AIDS-related lymphoma diagnosed in the era of highly active antiretroviral therapy (that is, 102 of 111 patients were male).
† The mean age of the patients who died was 44.2 years, SD 10.2.
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the variables from which this score is derived (age, disease
stage, extranodal disease, serum lactate dehydrogenase
level, and performance status) to identify more variables
that would add to this model. Multivariable Cox propor-
tional hazards regression modeling for patients in whom
disease was diagnosed since 1996 revealed only 2 indepen-
dent predictors of death: International Prognostic Index
risk group and CD4 cell count at presentation (Table 2). A
prognostic weighting was derived for each variable, and a
total prognostic risk score was calculated by addition of
these weightings for both variables (Table 3). The highest
prognostic weightings were high International Prognostic
Index score (2.9), high-intermediate International Prog-
nostic Index score (1.84), and CD4 cell count less than
100 � 106 cells/L (1.34). As with the International Prog-
nostic Index, the prognostic risk scores were divided into
quartiles: less than 1.0, 1.0 to 1.83, 1.84 to 2.90, and
greater than 2.90. Figure 2 shows Kaplan–Meier survival
curves for each quartile group, and Table 4 shows the
likelihood ratio for death.

Bootstrap resampling was used to estimate the hazard
ratio of the final multivariable model (24). Robust param-
eter estimates and standard errors were calculated from
these models. Six hundred bootstrap samples were gener-
ated by using resampling with replacement, and averages of

these samples are presented to demonstrate the validity of
the prognostic index. The average bootstrap-estimated haz-
ard ratios shown in Table 2 for both CD4 cell count and
the International Prognostic Index risk groups all overlap
with the predicted 95% CIs calculated by using Cox pro-
portional hazards regression based on the study sample. In
addition, the Efron 95th-percentile confidence limits fall
within this interval, indicating internal validity between
predicted hazard ratios and bootstrap-estimated hazard ra-
tios (25–28). Validity of predicted hazard ratios were also
confirmed in a separate analysis on the patients who re-
ceived a diagnosis before the era of HAART.

In the HAART era, a prognostic risk score greater than
2.90 yielded a likelihood ratio for death of 7.90 (hazard
ratio, 1.0), whereas a prognostic risk score less than 1.0
yielded a likelihood ratio of 0.23 (hazard ratio, 0.15 [95%
CI, 0.06 to 0.33]). A receiver-operating characteristic curve
analysis of this model demonstrated the sensitivity and
specificity of the cutoff values of the prognostic risk scores
derived from Cox proportional hazards regression coeffi-
cient (Figure 3).

DISCUSSION

The aim of this prospective cohort study was to assess
the validity of the International Prognostic Index in iden-
tifying specific risk groups with AIDS-related non-
Hodgkin lymphoma in the HAART era and to propose
additional prognostic markers in these patients. The Inter-
national Prognostic Index (4) remains clinically useful in
patients with AIDS-related non-Hodgkin lymphoma that
was diagnosed during the HAART era. In addition, the
CD4 cell count remains an independent significant prog-
nostic variable (P � 0.009).

When all 215 patients with AIDS-related non-
Hodgkin lymphoma were combined as a single cohort, we
found that 3 other variables other than established Inter-
national Prognostic Index risk group (P � 0.001 for a high
International Prognostic Index score vs. other score catego-

Table 2. Multivariable Cox Proportional Hazards Regression Model Showing Significant Independent Predictors of Death after
Diagnosis of AIDS-Related Non-Hodgkin Lymphoma in the Era of Highly Active Antiretroviral Therapy*

Variable Hazard Ratio (95% CI)† P Value Hazard Ratio Bootstrap Estimate
(Efron 95th-Percentile
Confidence Limits)

CD4 cell count
�100 � 106 cells/L 2.08 (1.20–3.60) 0.009 2.39 (2.32–2.47)
�100 � 106 cells/L 1 1

International Prognostic Index risk group
High 4.88 (1.544–15.43) 0.007 6.67 (6.02–7.33)
High-intermediate 2.74 (0.94–8.04) 0.066 3.40 (3.15–3.65)
Low-intermediate 1.73 (0.57–5.21) �0.2 2.16 (1.20–2.32)
Low 1 1

* The model includes the International Prognostic Index risk group and excludes the list of variables from which this was derived that were significant in the univariate model.
The validity of the prognostic score was calculated internally on the 111 patients in whom AIDS-related non-Hodgkin lymphoma was diagnosed in the era of highly active
antiretroviral therapy; average bootstrap-estimated hazard ratios are shown, with corresponding Efron 95th-percentile confidence limits (24–27).
† Adjusted for age, sex, type B symptoms, bone marrow and meningeal disease at diagnosis, Burkitt lymphoma, and other variables in the model (see text).

Table 3. Prognostic Weightings Used To Yield the Total
Prognostic Risk Score*

Variable Weighting

CD4 cell count
�100 � 106 cells/L 1.34
�100 � 106 cells/L 0

International Prognostic Index risk group
High 2.90
High-intermediate 1.84
Low-intermediate 1
Low 0

* See Table 4 for results of application of the total prognostic risk score.
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ries) were significant independent predictors of death: pre-
vious AIDS-defining illnesses (P � 0.016), presence of
Burkitt lymphoma (P � 0.026), and CD4 cell count at
diagnosis (P � 0.001). The disappearance of previous
AIDS-defining illnesses and reduced incidence of Burkitt
lymphoma in the era of HAART has probably resulted
from improvement in the immune status of these patients
as measured by the increase in CD4 cell count at presen-
tation over these periods (1986 to 1995 vs. 1996 to the
present; P � 0.001). Although our HAART-era data may
be confounded by the different therapies used, we have
previously shown no difference in the prevention of AIDS-
related non-Hodgkin lymphoma (6) according to the type
of HAART regimen (protease inhibitor–based or non-
nucleoside reverse transcriptase inhibitor–based) used, and

further analysis using this therapeutic distinction does not
change our results.

The duration of survival differed significantly in the
pre- and post-HAART eras among patients with AIDS-
related non-Hodgkin lymphoma (P � 0.002) (Figure 1).
After the introduction of HAART, the incidence of Kaposi
sarcoma decreased within a few years, but a concomitant
decrease in AIDS-related non-Hodgkin lymphoma inci-
dence was not observed over a longer period, and some
studies reported no decrease at all (29, 30). In a prospective
European study, the incidence of AIDS-defining illnesses
decreased from 30.7 per 100 patient-years in 1994 to 2.5
per 100 patient-years in 1998 (31). Only the incidence of
non-Hodgkin lymphoma increased as an AIDS-defining
illnesses during this time (4% in 1994 compared with 16%

Figure 2. Product-limit survival plot for 111 patients with systemic AIDS-related non-Hodgkin lymphoma (NHL) diagnosed in the era
of highly active antiretroviral therapy.

Patients are separated into whole-cohort quartiles of prognostic risk score. All causes of death are included. P � 0.001 (log-rank chi-square test).

Table 4. Likelihood Ratio for Death from AIDS-Related Non-Hodgkin Lymphoma in the Era of Highly Active Antiretroviral Therapy,
and Sensitivity and Specificity Associated with Interquartile Range Cutoff Values

Prognostic Risk Score Patients Who Survived
(n � 49), n (%)

Patients Who Died
(n � 62), n (%)

Likelihood Ratio
for Death*

Hazard Ratio
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

By quartile
�1.00 28 (78) 8 (22) 0.23 0.15 (0.06–0.33)
1.00–1.83 14 (52) 13 (48) 0.74 0.44 (0.22–0.88)
1.84–2.90 5 (19) 21 (81) 3.32 1.17 (0.64–2.17)
�2.90 2 (9) 20 (91) 7.90 1

By interquartile range
cutoff values

�1.0 28 8 0.87 (0.76–0.94) 0.57 (0.42–0.72)
�1.0 21 54
�1.83 42 21 0.66 (0.53–0.78) 0.86 (0.73–0.94)
�1.83 7 41
�2.90 47 42 0.32 (0.21–0.45) 0.96 (0.86–1.00)
�2.90 2 20

* A likelihood ratio � 1 indicates greater risk for death.
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in 1998). In a meta-analysis of 23 prospective cohort stud-
ies involving 47 936 patients living in established market
economies, a decrease in the incidence of non-Hodgkin
lymphoma was reported from 6.2 cases per 1000 person-
years in 1992 to 3.6 cases per 1000 patient-years in 1999
(29). The epidemiologic features of Kaposi sarcoma and
non-Hodgkin lymphoma may differ because improvement
in immune function due to HAART prevents Kaposi sar-
coma during short-term therapy, but perhaps a longer du-
ration of therapy is required to prevent non-Hodgkin lym-
phoma. In support of this hypothesis, we observed that
increased B-cell counts protected against Kaposi sarcoma
(32), and Kaposi sarcoma lesions may resolve with
HAART alone (33–35); neither of these scenarios has been
the case with non-Hodgkin lymphoma. These data suggest
that as well as the reported decrease in incidence of non-
Hodgkin lymphoma, patients also have improved survival,
most likely because of better overall immune status.

The International Prognostic Index was found to be
useful in 69 patients with AIDS-related non-Hodgkin lym-
phoma (17). Like that study, ours is limited by a small
sample; however, we can propose a new prognostic scoring
scheme designed for patients in whom AIDS-related non-
Hodgkin lymphoma was diagnosed in the HAART era.
This scoring method is based on International Prognostic
Index risk group and CD4 cell count only (Table 2) and
was internally validated by bootstrap resampling that
shows tight and overlapping confidence limits around the
resampled and original hazard ratios. A prognostic score

less than 1.0 (the lowest quartile) yields a likelihood mor-
tality ratio of 0.23 and a hazard ratio of 0.15 (CI, 0.06 to
0.33). These values correspond to a likelihood ratio for
death of 7.90 and a corresponding hazard ratio of 1.0 (Ta-
ble 4) among patients in the highest score quartile. In our
cohort, 70 patients in whom AIDS-related non-Hodgkin
lymphoma was diagnosed in the HAART era had CD4 cell
counts greater than 100 � 106 cells/L at the time of diag-
nosis. Of these patients, 14 were in the low International
Prognostic Index risk group, 21 were in the low-interme-
diate risk group, 20 were in the high-intermediate risk
group, and 15 were in the high-risk group. The 2-year
survival rates for each group were 83% (CI, 60% to
100%), 70% (CI, 49% to 90%), 42% (CI, 20% to 65%),
and 7% (CI, 0% to 20%), respectively. In a historical
comparison, the first 3 values do not significantly differ
from the values of 88%, 74%, and 62% derived from use
of the original International Prognostic Index. In contrast,
however, HIV-positive patients in the high-risk group have
a significantly worse 2-year overall survival rate than their
HIV-negative comparators (20% vs. 7%).

Previous prognostic work has clarified that available
clinical information can provide a foundation for long-
term survival estimates, particularly when combined with a
physician’s clinical estimate (36). Use of the International
Prognostic Index with CD4 cell count provides useful in-
formation for therapy and suggests that patients with a
poor prognosis for AIDS-related non-Hodgkin lymphoma
should be considered for additional treatment. This as-

Figure 3. Receiver-operating characteristic curve showing sensitivity and false-positive error rate of mortality using the quartile cutoff
values for the prognostic risk score, derived from the Cox proportional hazards regression coefficient.

Data from 111 patients are included. The sensitivity gives the degree of certainty that patients who fall in a particular prognostic risk score group will
not die. The diagonal line displays ties, and the points on the curve refer to the sensitivity and 1 � specificity (the risk for false-positive results).
1 � specificity may also be referred to as the type I error rate. This demonstrates that the cutoffs established for risk scores are predictive of mortality.
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sumes increased importance in light of the data suggesting
that high-dose chemotherapy plus autologous hematopoi-
etic stem-cell transplantation is feasible in patients with
AIDS-related non-Hodgkin lymphoma in terms of harvest-
ing, engraftment, adverse events, and control of HIV (37).
The advent of HAART has dramatically reduced morbidity
and mortality due to HIV infection (38). Because HIV-
infected patients are living longer, development of im-
proved therapies for cancer and lymphoma that are based
on accurate prognostic information has assumed greater
clinical importance. Patients with AIDS-related non-
Hodgkin lymphoma who are in a poor prognostic category
should be considered for a clinical trial of newer ap-
proaches. Since the advent of HAART, being in a good
prognostic quartile appropriately defines patients that can
benefit from standard curative-intent therapy.
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