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More definitions in sickle cell disease:

Steady state v base line data

Ballas et al. [1] published concise definitions of the complications of sickle

cell disease (SCD). There are other definitions that pertain to SCD that are

not complications of the disease as such but are associated with establish-

ing the accurate diagnosis, management, and natural history of each compli-

cation. Definition of the steady state and of baseline clinical features and lab

data are two such examples. These are important in detecting any signifi-

cant acute change in the clinical picture or any change after the initiation of

therapeutic modalities.

The steady state refers to a point in time where the patient in question is

not experiencing an acute painful crisis or any changes due to therapy. Typi-

cally, a steady state should fulfill the following criteria:

1. No history of an acute painful episode that required treatment in the

emergency department or in the hospital for at least four consecutive weeks

after a previous painful crisis.

2. No history of admission to the hospital or emergency department 2–3

days after the point in time in question. Previous studies showed that the

number of irreversibly sickled cells increases and RBC deformability

decreases 2–3 days before admission to the hospital in crisis [2]. This

change coincides with the prodromal phase of the acute painful crisis

described in children and adults [3,4].

3. No history of blood transfusion during the previous 4 months of the

point in time. Alternately, the % of Hb A determined by electrophoresis or by

high performance liquid chromatography must be �10%. The exception

would be in patients with sickle-b1-thalassemia in whom endogenous Hb A

could be as high as 30%. In these patients, history of recent blood transfu-

sion could be obtained from the blood bank that usually supports the institu-

tion in question. Patients on chronic blood transfusion or exchange transfu-

sion may be exempt from this requirement or their Hb S steady state level

could be the average of 3 determinations of the % of Hb S before scheduled

transfusion or exchange transfusion.

4. No history of intercurrent illness such as infection, inflammation during

the previous 4 weeks.

5. No treatment with medications such as antibiotics that may affect the

blood counts during the previous 3 weeks.

6. The steady state values may change with time. It is, therefore, advisa-

ble to determine them periodically every 2–3 years.

Knowing the steady state values is extremely important in evaluating

patients who present themselves with acute episodes. Comparing data dur-

ing the acute event with the steady state values often reveals objective

changes during crisis.

Baseline values include clinical and lab data determined before the initia-

tion of therapy or other interventions. They do not need to meet the require-

ment of steady state values. Occasionally, they could be the same as

steady-state values especially in patients who have relatively mild disease

with infrequent painful episodes. Baseline values are markers of the effect of

an intended intervention whereas steady-state values are markers of the

disease itself.
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Drug interaction between lenalidomide and itraconazole

To the Editor: In July 2010, a 53-year-old woman was diagnosed with

multiple myeloma, IgG-lambda stage 2, and was initially administered

chemotherapy with melphalan and prednisone. Because of continued disease

progression, however, in October 2010 she was administered lenalidomide 25

mg plus low-dose dexamethasone (Rd). Although she achieved partial

response after one course of Rd (IgG declined from 6,977 to 1,200 mg/dL),

she began suffering from febrile neutropenia, which persisted for 10 days. Fol-

lowing the recommendation of Dimopoulos et al. [1], in November 2010, we

reduced the patient’s lenalidomide dosage to 15 mg and added 100 mg/day

itraconazole and 400 mg/day–80 mg/day sulfamethoxazole–trimethoprim for

infection prophylaxis. Nevertheless, she suffered repeated infections associ-

ated with neutropenia, even after further reducing her lenalidomide to 10 mg.

We therefore began monitoring the patient’s plasma lenalidomide concentra-

tions using high-performance liquid chromatography (Fig. 1, closed circles).

Lenalidomide was separated using a mobile phase of 0.5% KH2PO4 (pH 2.5)–

acetonitrile (87.5:12.5, v/v) on a Capcell Pak C18 MG II column at a flow

rate of 0.5 mL/min and UV absorbance at 220 nm. The lenalidomide and

itraconazole were then stopped because the AUC0–24 and maximum plasma

lenalidomide concentration (Cmax) after intake of 10 mg with prophylaxis using

itraconazole were 33,249 ng hr/mL and 2,757 ng/mL, respectively. After

10 days, lenalidomide was restarted at a dosage of 5 mg, without itraconazole,

and its plasma concentrations were monitored (Fig. 1, open circles). The

AUC0–24 and lenalidomide Cmax after intake of 5 mg were 283 ng hr/mL and

38 ng/mL, respectively; however, there was no difference in the terminal

elimination half-life (t1/2) of lenalidomide, with or without itraconazole (5.5 hr

vs. 5.6 hr). By comparison, the mean (±SD) AUC0–24, Cmax, and elimination

t1/2 in four other myeloma patients taking 25 mg of lenalidomide were 2,763 ±

917 ng hr/mL, 400 ± 172 ng/mL and 6.7 ± 1.3 hr, respectively (Fig. 1).

This is the first report showing a drug interaction between lenalidomide and

itraconazole, which is a potent inhibitor of CYP3A4 and P-glycoprotein activity

[2]. Hofmeister et al. recently reported an in vitro study indicating that P-glyco-

protein is involved in the lenalidomide pharmacokinetics, and drug-interactions

via P-glycoprotein between lenalidomide and CCI-779 (temsirolimus) as sub-

strates of P-glycoprotein [3]. Because lenalidomide is scarcely metabolized by

cytochrome P450s (CYP), the activity of drug-transporters such as P-glyco-

protein may be a key determinant of lenalidomide pharmacokinetics. In the

present case, the AUC0–24 and Cmax for lenalidomide were markedly increased

by itraconazole, though its elimination t1/2 was unaffected. This suggests

that the drug interaction between lenalidomide and itraconazole occurs via

P-glycoprotein during absorption from the small intestine.

This patient exhibited neutropenia when administered a combination of

10 mg of lenalidomide plus itraconazole, and gave a dose-adjusted AUC0–24 for

lenalidomide of 3,324.9 ng hr/mL/mg, which is much higher than in four other

patients who did not show drug toxicity. This suggests that lenalidomide expo-

sure could contribute to its toxicity [4], and careful monitoring of lenalidomide as

well as creatinine clearance may be appropriate to avoid the risk of toxicity.
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Fig. 1. Plasma concentration-time profiles after administration of 10 mg of lenali-
domide with itraconazole (closed circles), 5 mg of lenalidomide without
itraconazole (open circles), and 25 mg of lenalidomide without itraconazole (mean
values from four patients, open triangles). Pharmacokinetic analysis of lenalido-
mide was done using the standard non-compartmental method with WinNonlin
software (Pharsight Co., Mountain View, CA, version 4.0.1). An estimated creati-
nine clearance for each patient was calculated using Cockcroft and Gault formulas
from the initially analyzed serum creatinine concentration.
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