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                                                            Hydroxyurea is used in polycythemia vera for cytoreductive treatment. Some patients show marked fluctuations of platelet and leukocyte counts while taking hydroxyurea. We identified 12 patients in our patient cohort and performed a mathematical analysis which revealed oscillatory behavior with a typical period length of 27–30 days. During the presence of oscillations (25.5 years) no bleeding or thromboembolic episodes were observed.
Polycythemia vera is a chronic acquired stem cell disorder which affects primarily red blood cells and in many patients also granulocyte and platelet counts. Polycythemia vera is associated with an increased risk of thromboembolic and hemorrhagic complications.1 Phlebotomy is the therapy of choice.2 In refractory patients cytoreductive treatment with drugs such as hydroxyurea is advocated. Hydroxyurea primarily interferes with DNA synthesis by inhibiting ribonucleotide reductase in hematopoietic stem cells.3 Recently, patients with polycythemia vera and hydroxyurea associated oscillations of the platelet and white blood cell count have been reported.4–7
We identified 12 patients (7 females and 5 males) who showed fluctuations of the platelet and white blood cell counts when treated with hydroxyurea. All patients were positive for the JAK2 mutation. Total observation time was about 76 patient years of which 29 years were under therapy with hydroxyurea (Table 1).
[image: ]

Table 1.Characteristics of 12 patients with HU induced oscillations: all patients were positive for the JAK2V617F mutation. Male patients: 5,6,8,9,10; female patients 1–4, 7, 11–12. Patients 1,3,4, 6, 10 took Litalir®, the others Syrea®. Mathematical analysis of the oscillations of the platelets and White blood cells (cycle length). Also shown are start, ending and duration of oscillations as well as duration of HU intake, dosage and total observation period.
We performed a mathematical periodicity analysis by calculating the frequency spectrum with the Lomb periodogram8 which was first used for the analysis of blood cell fluctuations by Bennett and Grunwald.5 For the platelet count, all patients oscillated with a cycle length of 28.6 days (27–30). In contrast, only 5 patients showed oscillations of the white blood cell count with a cycle length of 27.8 days (26–29). Patients were observed for a median of 84 months (18–125).
[image: ]

Figure 1.(A) Development of platelet and WBC count during therapy with hydroxyurea and after switch to anagrelide in a 60-year old man (Patient 10 in Table 1). (B) Verification of platelet count under HU therapy with the Lomb periodogram: a significant peak is present. (C) Verification of platelet count under anagrelide therapy with the Lomb periodogram: no significant peak is present.
In oscillations, two mathematical parameters can be different: length of period and amplitude. Whereas the length of period (28 days) for platelet counts and white blood cell counts (27.8 days) was very similar, the amplitude was quite different. Platelets oscillated between a minimum platelet count of 21×10/L and a maximum platelet count of 4,900×10/L. White blood cell count oscillated between 1.9×10/L and 38.2×10/L. Moreover, platelet and white blood cell counts varied in amplitude within each patient.
Daily hydroxyurea dosage varied from 0.5 to 3.5 g/day. Median duration of intake of hydroxyurea was 19.5 months (4–120). Hydroxyurea interferes with DNA synthesis by inhibiting ribonucleotide reductase in hematopoietic stem cells,3 so that many cells reach mitosis at the same time causing partial synchronization. This synchronization increases the chances for oscillatory behavior. In Germany, there are 2 different hydroxyurea formulations available (Syrea and Litalir) which both caused oscillatory behavior which indicates that potential differences in pharmacokinetics are not relevant.
Hydroxyurea triggers these oscillations since in the large majority (10 out of 12 patients) the oscillations started immediately after the intake of this drug. In addition, 7 of 9 patients showed no more oscillations after discontinuation of hydroxyurea. However, there are some exceptions: in one patient platelet and white blood cell counts started to oscillate after twelve months of hydroxyurea intake. Another patient took hydroxyurea for six years without any oscillations. He developed oscillations only after splenectomy. This may indicate that a splenic dysfunction contributes to oscillations in non-splenectomized patients. In most of the patients, discontinuation of hydroxyurea leads to disappearance of the oscillations which did not reappear after switch of treatment to anagrelide (4 patients) or busulphan (2 patients) (Figure 1). In 2 patients, the oscillations disappeared slowly under therapy with hydroxyurea. Time to complete disappearance of oscillations may require several months in some individuals. This can be concluded from our observations in one patient: the oscillations persisted after a switch to anagrelide albeit with smaller amplitude and were no longer detectable nine months later. Three patients are still oscillating under hydroxyurea therapy.
When oscillations are observed under hydroxyurea therapy several strategies to reduce them can be used. In some patients oscillations are spontaneously diminished when the hydroxyurea dosage is kept constant. Another option is to discontinue hydroxyurea and replace it by phlebotomies, aspirin or anagrelide. In contrast to hydroxyurea, anagrelide has no effect on hematopoetic stem cells. But the latter strategy is not working in all patients.
Is a change of treatment in polycythemia vera patients with oscillations necessary and how dangerous are these oscillations at all? The two main concerns are thromboembolic and bleeding complications. We have not observed any bleeding or thrombotic event during the time of the oscillations (25.5 patient years). In contrast to our observations other authors have reported clinical complications.5,6
Oscillations have been observed in platelet and white blood cell counts but not in erythrocytes. One possible explanation is the different life span of platelets, white blood cells, and erythrocytes. Platelets and white blood cells regenerate faster and are more rapidly degraded which makes oscillations more pronounced.
Oscillations under hydroxyurea therapy are a rare phenomenon since they can only be detected when patients donate blood samples at time intervals which are different from the typical oscillation period of 28 days. Chances of detecting oscillations are higher when patients are subjected to blood cell analyses at irregular time intervals. Since this practice is often used the number of patients with oscillations is probably more frequent than usually assumed. Therefore no statement can be made concerning the incidence of these hydroxyurea induced oscillations.
Since oscillations also occur in healthy individuals, even hematopoiesis itself is considered to be an oscillatory system, hydroxyurea seems to amplify preexisting conditions in sensitive individuals.9 The underlying molecular mechanism remains unknown. To address the issue of the clinical relevance of hydroxyurea induced oscillations, it can only be speculated whether these oscillations are harmful or not. We did not see any bleeding or thrombotic events in our patients which underscores the present concept that thrombocytosis and leukocytosis are not the only cause of thrombotic events but hematocrit is the highest risk factor in patients with polycythemia vera. It is also unclear why such platelet oscillations have not been observed in other bcr/abl negative chronic myeloproliferative neoplasms such as primary thrombocythemia and primary myelofibrosis.
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