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Risk Factors for Febrile Neutropenia during Chemotherapy for 
HIV-Related Lymphoma

We evaluated risk factors for neutropenic fever and febrile prolonged neutropenia during 
vincristine-including chemotherapy to treat HIV-related lymphoma to investigate whether 
protease inhibitor (PI) treatment is associated with infectious complications due to drug 
interactions with chemotherapeutic agents. We included all HIV patients who received 
chemotherapy including vincristine for lymphoma at a single referral center in 1999-2010. 
Neutropenic fever was defined as absolute neutrophil count < 500 cells/µL with body 
temperature over 38°C; and prolonged neutropenia was defined if it persisted over 7 days. 
CODOX-M/IVAC and Stanford regimens were considered high-risk regimens for prolonged 
neutropenia. We analyzed 48 cycles of chemotherapy in 17 HIV patients with lymphoma. 
There were 22 neutropenic fever and 12 febrile prolonged neutropenia events. In 
multivariate analysis, neutropenic fever was associated with old age and low CD4 cell 
count, but not with PI use or ritonavir-boosted PI use. Low CD4 cell count and high-risk 
regimens were associated with febrile prolonged neutropenia. Neutropenic fever and 
febrile prolonged neutropenia is associated with old age, low CD4 cell count, and high-risk 
regimens, but not PI use, in HIV patients undergoing chemotherapy including vincristine 
for lymphoma.
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INTRODUCTION

Lymphoma is an important malignancy in the morbidity and 
mortality of HIV patients, although its incidence began to de-
crease after the introduction of combined antiretroviral therapy 
(1). HIV patients may be more susceptible than non-HIV pa-
tients to infectious complications following chemotherapy for 
lymphoma. However, risk factors for infectious complications 
with neutropenia after chemotherapy have not been well de-
fined in HIV patients with lymphoma.
 Protease inhibitors (PIs) may be associated with febrile neu-
tropenia via interactions with vinca alkaloid-based drugs in 
chemotherapy regimens for lymphoma, because vinca alkaloid 
is the substrate for cytochrome P450 3A4 isoenzyme, and PIs 
are potent inhibitors of this isoenzyme (2). The results of some 
studies suggest that vinblastine may cause severe neutropenia 
by interacting with PIs (3-5). However, there are no data about 
risk factors for neutropenic complications in HIV patients receiv-
ing a vincristine-containing regimen for lymphoma. Further-
more, there is controversy as to whether PI use should be avoid-
ed in HIV patients receiving chemotherapy for lymphoma.
 The purpose of this study was to evaluate risk factors for neu-

tropenic fever and febrile prolonged neutropenia in HIV patients 
receiving chemotherapy including vincristine for lymphoma. 
 

MATERIALS AND METHODS

Patients 
We retrospectively identified all HIV patients who received che-
motherapy with a vincristine-containing regimen for lympho-
ma from 1999 through 2010 in Seoul National University Hospi-
tal (Korea), a 1,500-bed tertiary-care university hospital. Anti-
retroviral regimens were determined independently by attend-
ing physicians. The PIs used were lopinavir/ritonavir, atazana-
vir, and nelfinavir. Other antiretroviral drugs used were the non-
nucleoside reverse transcriptase inhibitor efavirenz and nucle-
oside analog reverse transcriptase inhibitors including lamivu-
dine, stavudine, zidovudine, didanosine, and abacavir. Granu-
locyte colony-stimulating factor was not used routinely during 
chemotherapy. 

Definitions of neutropenic fever, prolonged neutropenia, 
bone marrow involvement, and regimens
Neutropenic fever was defined as absolute neutrophil count 
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< 500 cells/µL on two occasions with axillary temperature over 
38°C for ≥ 1 hr. Prolonged neutropenia was defined if neutro-
penia persisted for ≥ 7 days (6-8). Severe neutropenia is defined 
as absolute neutrophil count < 100 cells/µL (9). Bone marrow 
involvement of lymphoma was defined as the presence of ma-
lignant lymphoma cells in bone marrow biopsy specimens. 
 Among the chemotherapeutic regimens, CODOX-M/IVAC 
(cyclophosphamide, doxorubicin, vincristine, methotrexate, 
leucovorin/ifosfamide, etoposide, and cytarabine) and the Stan-
ford regimen (cyclophophamide, doxorubicin, vincristine, pred-
nisone, L-asparaginase, and intrathecal methotrexate) were con-
sidered to be high-risk regimens for severe neutropenia. Mild-
to-moderate regimens included C-MOPP (cyclophophamide, 
vincristine, procarbazine, and prednisone), COPBLAM (cyclo-
phophamide, vincristine, prednisone, bleomycin, doxorubicin, 
and procarbazine), CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisone), R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone), MOD (high-
dose methotrexate, vincristine, and procarbazine), R-MOD (ritux-
imab, high-dose methotrexate, vincristine, and procarbazine), 
and CVP (cyclophosphamide, vincristine, and prednisone). 

CD4 cell and HIV load measurements
CD4 cell counting was performed using whole blood stained 
with murine antihuman monoclonal antibodies to CD4 (Tetra-
one; Beckman Coulter, High Wycombe, UK). HIV viral load was 
measured in plasma using assays with a lower limit of detection 
of 50 HIV-1 copies/mL (Chron Diagnostics, Halstead, UK).

Statistical analysis
All statistical analyses were performed with SPSS software, ver-
sion 19.0 (SPSS, Chicago, IL, USA). To identify risk factors asso-
ciated with neutropenic fever and febrile illness with prolonged 
neutropenia, a generalized estimate equation was used, because 
of a possible clustering effect caused by patients receiving mul-
tiple cycles of chemotherapy. In univariate analysis, variables 
included age, CD4 cell count, high-risk regimen for severe neu-
tropenia, bone marrow involvement of lymphoma, prophylac-
tic use of trimethoprim/sulfamethoxazole, zidovudine use, and 
PI use. Multivariate models included variables for which the P  
value was < 0.1 in univariate analysis. P  values of < 0.05 were 
considered statistically significant. 

Ethics statement
The institutional review board at Seoul National University Hos-
pital provided study approval and waived the requirement for 
written consent (IRB registration number H-1109-128-379).

RESULTS

During the study period, there were 26 HIV patients with lym-

phoma. Of these, nine patients did not receive chemotherapy; 
three of these patients had Burkitt’s lymphoma, two had diffuse 
large B cell lymphoma, one had plasmoblastic lymphoma, and 
three had primary central nervous system lymphoma. In the 17 
HIV patients who received chemotherapy, we analyzed a total 
of 48 cycles of chemotherapy; eight of these patients had Burkitt’s 
lymphoma, seven had diffuse large B cell lymphoma, one had 
Hodgkin’s lymphoma, and one had T lymphoblastic lymphoma. 
 All of the patients were male, and the median age was 40 yr 
(interquartile range [IQR], 37-47 yr). The baseline median CD4 
cell count was 181 cells/µL (IQR, 63-297 cells/µL). Eleven (41%) 
patients received antiretroviral therapy with PI-based regimens. 
The stage of lymphoma was as follows; four patients with stage 
I lymphoma, two with stage III and ten with stage IV, respec-
tively (Table 1).
 There were 22 (46%) events of neutropenic fever and 12 (25%) 
of febrile prolonged neutropenia (range, 7-15 days). Univariate 
analyses revealed that febrile neutropenia was associated with 
old age, low CD4 cell counts, and high-risk regimens, and fe-
brile prolonged neutropenia was associated with low CD4 cell 
counts and high-risk regimens (Table 2). Use of zidovudine or 
trimethoprim/sulfamethoxazole or bone marrow involvement 
of lymphoma was not associated with neutropenic fever or fe-
brile prolonged neutropenia (data not shown).
 Multivariate analyses revealed that neutropenic fever was as-
sociated with old age (adjusted odds ratio [aOR], 2.03; 95% con-
fidence interval [CI], 1.41-2.92) and low CD4 cell count (aOR 
0.95; 95% CI, 0.91-1.00), while it was not associated with PI use 
(aOR, 0.84; 95% CI, 0.37-1.94) or ritonavir-boosted PI use (aOR 
1.34; 95% CI, 0.50-3.61). Low CD4 cell count (aOR, 1.06; 95% CI, 

Table 1. Clinical characteristics of 17 HIV patients with lymphoma

Characteristics     No. (%)*

Age (IQR) (yr)      40 (37-47) 
Male   17 (100)
Baseline CD4 cell count (IQR) (cells/µL)      181 (63-297) 
Type of lymphoma 
   Burkitt’s lymphoma
   Diffuse large B cell lymphoma
   Hodgkin’s lymphoma
   T lymphoblastic lymphoma

 
  8 (47)
  7 (41)
1 (6)
1 (6)

Staging of lymphoma
   Stage I
   Stage II
   Stage III
   Stage IV

 
  4 (23)
0 (0)

  3 (18)
10 (59)

Antiretroviral regimen
    PI based
    NNRTI based

 
11 (65)
  6 (35)

Chemotherapeutic regimen
   High risk†

   Low-to-moderate risk

 
9‡

9‡ 

*Number (%) of patients unless otherwise indicated; †High-risk regimen for severe 
neutropenia included CODOX-M/IVAC and Stanford regimen; ‡Two patients under-
went both high- and low-to-moderate risk regimens. IQR, interquartile range; PI, pro-
tease inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor.
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1.01-1.12) and high-risk regimens (aOR 46.9; 95% CI, 4.22-521.89) 
were associated with febrile illness with prolonged neutropenia.
 

DISCUSSION

In this study, old age and a low CD4 cell count were risk factors 
for the development of neutropenic fever in HIV patients re-
ceiving chemotherapy including vincristine for lymphoma. In 
addition, low CD4 cell counts and high-risk chemotherapeutic 
regimens for severe neutropenia were associated with febrile 
illness with prolonged neutropenia.
 To our knowledge, this is the first study to evaluate risk fac-
tors for neutropenic complications in HIV patients receiving 
chemotherapy for lymphoma. The results of this study, which 
focused on the effect of drug interactions between vincristine 
and PIs, suggest that it is not always necessary to avoid PI treat-
ment during chemotherapy including vincristine for lympho-
ma, because PI use was neither associated with neutropenic fe-
ver nor with febrile, prolonged neutropenia.
 There are several factors that could explain why this study did 
not find any association between PI use and neutropenia dur-
ing chemotherapy including vincristine, despite theoretical in-
teractions between PI and vincristine. First, chemotherapeutic 
agents other than vincristine may have complex interaction with 
antiretroviral agents, including PIs. The toxicity of some chemo-
therapeutic agents such as ifosfamide and doxorubicin may be 
decreased by interactions with PIs, while the toxicity of other 
agents like vincristine and etoposide may increase with concom-
itant use of PIs (10). The effect of interactions between PI and 
vincristine could be tempered by complex interactions of the 
other chemotherapeutic agents with PI. Second, because this 
study included diverse chemotherapeutic regimens for several 
classes of lymphoma, differences among the chemotherapeutic 
regimens could influence the study results. Classifying the che-
motherapeutic regimens into high- or low-to-moderate risk reg-
imens may be an oversimplification. Finally, the patient num-

ber in this study might be too small to detect the effects of inter-
actions between PIs and chemotherapeutic agents.
 In our study, a low CD4 cell count was associated with the 
development of both neutropenic fever and febrile prolonged 
neutropenia during chemotherapy for lymphoma in HIV pa-
tients. There was a similar report of a correlation between a low 
CD4 cell count and the risk of chemotherapy toxicity in HIV-pos-
itive patients with cancer before the introduction of combined 
antiretroviral therapy (11). In one report, a CD4 cell count of 
< 450/µL was an independent risk factor for febrile neutrope-

nia and early death due to infection in patients receiving che-
motherapy (12). 
 The type and intensity of the chemotherapy regimen is also 
an important factor associated with the development of neu-
tropenic events (13, 14). Our data also showed that regimens 
associated with a high risk for severe neutropenia were a signif-
icant risk factor for febrile illness with prolonged neutropenia. 
In the present study, old age was another risk factor for neutro-
penic fever following chemotherapy for lymphoma. This find-
ing can be partly explained by the fact that older patient is gen-
erally more susceptible to infection. 
 This study has some limitations. First, a small number of the 
patients at a single center were included. Second, the diverse 
chemotherapeutic regimens used in several types of lymphoma 
might interfere with the conclusions. Finally, the antiretroviral 
regimens used could influence on the interaction between PI 
and chemotherapeutic agents.
 In conclusion, neutropenic fever and febrile prolonged neu-
tropenia is associated with old age, low CD4 cell count, and 
high-risk regimens, but not PI use, in HIV patients receiving 
chemotherapy including vincristine for lymphoma. Our findings 
suggest that more meticulous medical attention should be paid 
to neutropenic complications in HIV patients with these risk 
factors. This study does not support that the idea that PIs should 
be avoided routinely during chemotherapy for lymphoma.

Table 2. Risk factors for neutropenic fever and febrile illness with prolonged neutropenia during chemotherapy for lymphoma in HIV patients

Risk factors 
Univariate analysis Multivariate analysis

OR (95% CI) P aOR (95% CI) P

Neutropenic fever
   Age (per 10 yr)
   CD4 cell count (per 10/µL)
   High-risk regimen 
   PI use 
   Ritonavir-boosted PI use

 
1.80 (1.10-2.95)
0.95 (0.90-1.00)
8.49 (2.04-35.45)
1.74 (0.52-5.84)
1.22 (0.33-4.52)

 
0.020
0.052
0.003
0.371
0.764

 
2.03 (1.41-2.92)
0.95 (0.91-1.00)
5.24 (0.92-29.72)
0.84 (0.37-1.94)*
1.34 (0.50-3.61)*

 
< 0.001

0.034
0.062
0.682*
0.558*

Febrile illness with prolonged neutropenia
   Age (per 10 yr)
   CD4 cell count (per 10/µL)
   High-risk regimen
   PI use
   Ritonavir-boosted PI use

 
0.79 (0.20-3.16)
1.01 (1.00-1.02)

44.47 (5.03-393.17)
1.34 (0.44-4.13)
0.81 (0.39-1.69)

 
0.743
0.028
0.001
0.608
0.567

 
-

1.06 (1.01-1.12)
46.9 (4.22-521.89)
1.95 (0.41-9.36)†

0.64 (0.18-2.25)†

 
-

0.027 
0.002
0.404†

0.481†

*Adjusted by age, CD4 cell count, and high-risk regimen; †Adjusted by CD4 cell count and high-risk regimen. OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; 
PI, protease inhibitor.
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