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Background: Treatment of chronic hepatitis C with interferon (IFN)-o. and ribavirin has haematotoxic
effects. We evaluated the effects of four different IFN/IFN-ribavirin treatment regimens on haematopoi-
esis.

Methods: Haematopoiesis was studied in 133 patients with chronic hepatitis C receiving IFN-¢2b alone
(group A) or in combination with ribavirin (group B), pegylated IFN-a2a (group C), or pegylated IFN-0.2b
(group D) in combination with ribavirin.

Results: At week 4, haemoglobin levels were diminished in all groups receiving combination therapy. In
the monotherapy group, haemoglobin decreased slightly after eight weeks. In all groups, haemoglobin
remained diminished throughout therapy. In all patients, leucocytes (while blood cells) decreased after four
weeks and remained low during treatment. Platelets (peripheral platelet count (PPC)) were decreased in all
groups after four weeks and remained below baseline levels during therapy in group A, C, and D whereas
in group B PPC recovered early and reached baseline levels at week 16 of therapy. Concomitantly with the
decreases in haemoglobin and PPC, erythropoietin increased in all groups receiving combination therapy
and thrombopoietin in all groups. Patients treated with pegylated IFN-02a and those who received
pegylated IFN-02b combination therapy differed only in leucopoiesis, whereas erythropoiesis and
thrombopoiesis were comparable.

Conclusion: IFN-o based therapies are associated with a decrease in all three haematopoietic lineages,
irrespective of the type of therapy used. The stronger suppressive effect of pegylated IFN-02a on
leucopoiesis could be due to a dose effect. Overall, concentrations of endogenous haematopoietic growth
factors are increased but can only partially alleviate haematotoxicity. Potential uses of exogenous

stage liver disease, and hepatocellular carcinoma.'”* The

current treatment of choice for chronic hepatitis C is
combination therapy with interferon o (IFN-o) and ribavirin
(RBV).* > Unfortunately, both drugs have significant haema-
tological toxic effects.*®

IFN-o exerts antiproliferative effects on many cell types.
These properties are used for treatment of chronic myelopro-
liferative and lymphoproliferative diseases” ' but also
account for several undesirable effects, such as thrombocy-
topenia and leucopenia, and can interfere with the successful
clinical application of full dose IFN-o in patients with chronic
hepatitis C.” "

IFN induced thrombocytopenia and leucopenia is common
whereas anaemia is more a sequela of combination therapy
with ribavirin.* > ® * * Thrombocytopenia is mild in most
cases, amounting to a decrease in peripheral platelet count of
10-50% but, when severe, can lead to bleeding complica-
tions' > and discontinuation of IEN therapy.'® Absolute
neutrophil and lymphocyte counts typically decrease by 30—
50% of baseline values during IFN therapy but this is usually
not associated with infection."” '*

The main mechanism leading to cytopenia during IFN
therapy seems to be bone marrow suppression by IFN-o.'""!
This suppressive action can be observed for pluripotent
progenitor cells of all lineages.”** Immune mediated
haematological toxicity”’ and capillary sequestration of
platelets and white blood cells** have been proposed as
additional causes for severe thrombocytopenia and leucope-
nia during IFN therapy.

Chronic hepatitis C is a major cause of cirrhosis, end
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haematopoietic growth factors and their impact on the virological response need to be explored.

Ribavirin treatment causes varying degrees of anaemia,
presumably through haemolysis."> "> ** Discontinuation of
IEN therapy usually leads to restitution of a normal complete
blood count within several weeks.”* Dose reductions can
improve haematological toxicities but carry the risk of a
suboptimal treatment response.”*

To develop treatment strategies to improve adherence to
IFN/RBV therapy, we studied the long term effects of IFN
monotherapy and three different IFN/ RBV treatment regi-
mens on the corpuscular elements of the blood, and on
growth factors for thrombopoiesis and erythropoiesis in
patients on antiviral therapy for chronic hepatitis C.

MATERIALS AND METHODS

Patients

A total of 133 patients with chronic hepatitis C participating
in six prospective trials (table 1) with conventional IFN-02b
(IntronA; Aesca-Schering Plough, Traiskirchen, Austria),
pegylated IFN-o2a (PEGASYS; Roche, Vienna, Austria), or
pegylated IFN-a2b (PegIntron; Schering-Plough, Kenilworth,
New Jersey, USA) alone or in combination with ribavirin
(Rebetol; Aesca-Schering Plough, Traiskirchen, Austria) were
studied. Patient characteristics are shown in table 2.

Abbreviations: HCV, hepadtitis C virus; IFN-o, interferon o; RBV,
ribavirin; WBC, white blood count; PPC, peripheral platelet count; EPO,
erythropoietin; TPO, thrombopoietin; TIW, three times a week; BW,
body weight; ANOVA, analysis of variance for repeated measurements;
FegIFN, pegylated inferferon; SOCS-1, suppressor of cytokine signal-
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Table 1 Therapy regimens
Ribavirin dose Duration of therapy
Group Interferon type and dose (mg/day) (weeks) n Reference
A 5 MU IFN-02b TIW — 36 26 (Datz C, unpublished data),
Ferenci®®

B 5 MU IFN-0.2b TIW 1000-1200 38 32 Ferenci®®

C 180 pg 40 kDa pegylated 1000-1200 48 41 (Ferenci P, unpublished data),
IFN-0:2a/week Fried”

D 1.5 ug/kg 12 kDa pegylated 1000-1200 24 34 (Ferenci P, unpublished data)
IFN-0.2b/week

IFN-o, inferferon o; TIW, three times a week.

The protocols conformed to the ethical guidelines of the
1975 Declaration of Helsinki in its most recent form and were
approved by the institutional review committee of the
University of Vienna Medical Faculty. Informed written
consent was obtained from each patient before entry into
the study.

Blood for measurements of all parameters was obtained on
day O (before IFN therapy), and at weeks 4, 8,12, 16, 20, 24
(all groups), 36 (groups A, B, and C), and 48 (only group C)
after beginning IFN therapy. All patients were followed up
one and six months after the end of IFN therapy.

Measurements

Hepatitis C viral load was determined by Cobas Amplicor
HCV Monitor version 2.0 (Roche Diagnostics, Branchburg,
New Jersey, USA).

Prothrombin time was measured as a percentage of a
reference sample to account for variabilities in absolute
values (seconds) between batches of reagents (“Normotest”;
normal range 75-120%) which has been shown to be the
most reliable test of global coagulation in liver disease.*

TPO enzyme linked immunosorbent assay and EPO
enzyme linked immunosorbent assay

Serum levels of thrombopoietin (TPO) and erythropoietin
(EPO) were measured using the Quantikine human TPO and
EPO enzyme linked immunosorbent assay (ELISA; R&D
Systems, Abingdon, UK). Both assays were performed
according to the manufacturer’s instructions, as previously
described.® >

Statistical analysis

Statistical analysis was performed using STATISTICA for
Windows v.5.1 (Statsoft Inc., Hamburg, Germany). The
Wilcoxon matched pairs test was used for within patient
comparisons between pre-IFN therapy values and individual
time points during therapy. Differences between different
patient groups were analysed using the Mann-Whitney U
test. A p value <0.05 was considered statistically significant.

RESULTS

Erythropoiesis during IFN therapy

After four weeks of IFN-o therapy, haemoglobin levels
decreased in the patient groups receiving combination
therapy (median values: group B, 10%; group C, 20%; group
D, 13%; p<0.001) but not in patients receiving monotherapy.
After eight weeks, haemoglobin levels decreased slightly in
patients receiving monotherapy (group A, 5%; p<0.05) (fig 1,
table 3). In the following weeks of treatment haemoglobin
levels remained below baseline in all groups, with a
maximum decrease of 5% in group A at weeks 12 and 20,
16% in group B at week 20, 22% in group C at week 48, and
19% in group D at weeks 16 and 20 (fig 1, table 3). In the first
24 weeks of therapy (duration of therapy in group D), a
haemoglobin level below 11 g/dl occurred in 15%, 38%, 46%,
and 44% of patients in groups A, B, C, and D, respectively
(group A v group C, group A v group D, p<<0.05; group A v
group B, group B v group C, group B v group D, group C v
group D, NS) and a decline in haemoglobin below 10 g/dl was
found in 6% of patients in group B, in 29% in group C, and in
15% in group D (group B v group C, p<0.05; group B v group
D, group C v group D, NS).

In six patients in group B (19%), 15 patients in group C
(37%), and 10 patients in group D (29%) the ribavirin dose
was reduced (group B v group C, group B v group D, group C v
group D, NS). Two patients in group B, 11 patients in group
C, and four patients of group D received less than 80% of their
scheduled dose of RBV (group B v group C, p<0.05; group B v
group D, group C v group D, NS). Consequently, patients in
group B received an average of 99% of the planned dosage
(1054 (633-1200) mg of 1069 (800-1200) mg), patients in
group C received 94% (1041 (358-1200) mg of 1112 (800-
1200) mg), and patients in group D received 96% of the
anticipated dose (980 (508-1200) mg of 1024 (800-
1200) mg) over the whole therapy period. Haemoglobin did
not decrease below 8.5 g/dl in any patient.

After termination of treatment, haemoglobin levels
increased rapidly and returned to baseline after four weeks
in group A and after 24 weeks in group B. In groups C and D,

Table 2 Patient characteristics

Group A Group B Group C Group D
Sex (M/F) 15/11 23/9 24/17 18/16
Age (y) 42 (19-65) 37.5 (20-50) 44 (26-64) 43.4 (21-64)
Weight (kg) 79 (51-92) 72 (50-95) 78 (51-103) 72 (48-100)
HCV subtype™ (1a/1b/2/3/4) 2/7/2/6/0t 7/9/0/9/3t 14/25/0/1/1+  5/16/2/14/0%
Viral load pre-IFN (IUx10%/ml) 1052 (94-7880) 2848 (83-8500) 1300 (84-7800)
Fibrosis stage®™ (1/11/11/1V) 5/7/3/68 2/19/5/28 2/20/4/10% 3/20/3/8

*References for the relevant staging/scoring system.

group D, three).
$No data available for group A.

tPatients coinfected with different hepatitis C virus (HCV) genotypes (group A, one; group B, two; group C, three;

§No biopsy obtained (group A, five; group B, four; group C, five).
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Figure 1 Erythropoiesis. Haemoglobin level (A), erythropoiefin level
(B), and reticulocyte count (C) before (week 0), during (week 4 until the
end of therapy (EOT)) and after (week 4p and week 24p) therapy with
conventional interferon o (IFN-c) alone (group A), in combination wit
ribavirin (group B), with pegylated IFN-02a (group C), or with pegylated
IFN-0:2b in combination wii ribavirin (group D). Data are mean (SEM).

haemoglobin levels also increased significantly after discon-
tinuation of therapy but did not reach baseline levels within
the study period (group C, 4%; group D, 3% below baseline at
week 24 after therapy) (fig 1, table 3). As expected, the
decrease in haemoglobin levels was more severe in patients
receiving combination therapy with RBV than in those
receiving IFN-a alone (group A v group B, group A v group
C, group A v group D, p<<0.05 at any week of therapy) (fig 1).
Patients in groups B, C, and D showed comparable decreases
in haemoglobin levels with significant differences only at the
beginning of therapy (group B v group C, group B v group D,
p<<0.05 at week 4, NS at any other week of therapy; group C v
group D, NS at any week of therapy; fig 1).

EPO levels increased by a median of 9% in group A
(p=0.5), 119% in group B (p<<0.001), 385% in group C
(p<0.0001), and 272% in group D (p<<0.0001) at week 4
(fig 1, table 3). Within the next weeks of therapy, EPO levels
further increased in patients receiving combination therapy
(p<<0.001 for any week of therapy), group B reaching
maximum EPO levels at week 16 (median increase 520%,
p<0.001), group C at week 20 (median increase 543%,
p<0.0001), and group D at week 24 (median increase 353%,
p<0.0001). In the groups receiving combination therapy,
EPO levels remained significantly above baseline values
throughout the whole therapy. In group A, receiving IFN-o
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alone, EPO levels increased significantly only at the end of
treatment (median increase in group A, 131%; p<<0.05 at week
36). After discontinuation of therapy, EPO levels returned to
baseline within four weeks in groups A and D and within
24 weeks in group B, while in group C EPO levels were still
elevated at the end of follow up (group C: 65% above baseline
at week 24 after the end of therapy) (fig 1, table 3).

EPO levels differed between patients receiving combination
therapy or monotherapy (group A v group B, p<0.05 for
weeks 8 to end of therapy; group A v group C, group A v group
D, p<0.05 for any week of therapy) Except at week 4, the
increase in EPO levels was similar in patients on combination
therapy (group B v group C, group B v group D, p<<0.05 at
week 4, NS at any other week of therapy; group C v group D,
NS at any week of therapy (fig 1).

The reticulocyte count as a measure of bone marrow
regenerative activity of erythroid progenitor cells was
increased after four weeks of treatment in groups B, C, and
D (median increase in group B, 41%; group C, 58%; group D,
45%; p<<0.01) (fig 1, table 3). In patients in group C, the
reticulocyte count decreased again after week 4 reaching
baseline levels at week 24 of therapy despite continuously
decreased haemoglobin levels and markedly compensatory
increases in EPO levels, whereas in patients in groups B and
D the reticulocyte count remained elevated compared with
baseline values throughout the therapy (group B, p<<0.001;
group D, p<<0.05 for any week of therapy) with a maximum
increase of 102% at week 12 in group B and 45% at week 4 in
group D. Reticulocyte count in groups B and D returned to
baseline at week 24 after the end of treatment (fig 1, table 3).
Starting at week 8, patients in group B showed significantly
higher levels of reticulocytes than those of groups C and D
(Mann-Whitney U test: p<0.05 for week 8 until the end of
therapy) (fig 1). Patients with or without liver cirrhosis did
not differ in their erythropoietic response to IFN mono or
combination therapy (NS).

Thrombopoiesis during IFN therapy

At week 4 of therapy, peripheral platelet count (PPC)
decreased in all groups (median decrease in group A, 25%;
group B, 8%; group C, 21%; group D, 23%; p<<0.05 for all
groups) (fig 2, table 3). In group B, PPC increased again after
week 12, reaching baseline values at week 16, and remained
above baseline levels until the end of therapy. In the other
three groups, PPC remained decreased throughout therapy,
with a nadir of 34% in group A at week 16, 36% in group C at
week 8, and 24% in group D at week 12. Platelets returned to
baseline levels within four weeks after discontinuation of
therapy in these groups (fig 2, table 3). The decrease in PPC
was comparable between groups A, C, and D (Mann-Whitney
U test: NS throughout therapy), and groups B and D (group B
v group D, p<<0.05 at week 20, NS for any other week of
therapy). Patients in group B showed significantly higher
PPC levels than those of groups A and C (group A v group B,
p<<0.05 for weeks 4-20; group C v group B, p<<0.05 for week 8
to end of therapy) (fig 2).

After four weeks of treatment, thrombopoietin (TPO) levels
increased by a median of 32%, 2%, 49%, and 48% in group A
(p<<0.001), group B (p<<0.05), group C (p<0.0001), and
group D (p<<0.001), respectively (fig 2, table 3). Within the
next weeks of therapy, TPO levels further increased in all
groups, reaching maximum levels at the end of therapy
(median increase in group A, 58%, p<<0.05; group B, 82%,
p<0.0001; group C, 194%, p<<0.0001; group D, 117%,
p<0.0001). In all groups TPO levels remained elevated
throughout the treatment (p<<0.05 for any week of therapy).
After discontinuation of therapy, TPO levels returned to
baseline within four weeks in group A and within 24 weeks
in group B, while in groups C and D TPO levels were still
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Table 3 Haematological changes during inteferon treatment for chronic hepatitis C
Week 4 after Week 24 after
Parameter Day O (pre-IFN) ~ Week 4 Week 8 Week 12 End of therapy therapy therapy
Haemoglobin (mg/dl)
Group A 15 (11.4-17.5) 14.8 (12.5-16.8) 15 (11.6-16) 14.7 (12.1-17.5)  14.7 (9.2-18.7) 15 (10.4-16.7) 14.4 (11.2-16.7)
Group B 15.2(11.9-17.4) 13.7 (10.4-16.2) 12.4 (9.7-15.9) 11.95 (10.2-14.4) 12.2 (9.9-14.7) 12.9 (10.2-15.4) 14.6 (11.2-17.9)
Group C 15(12.6-17.8) 12.1 (8.8-15.9) 12.3 (8.5-16.4) 11.9 (9-16.6) 11.4 (9-14.2) 13.2 (9-15.9) 14.2 (9.5-17.1)
Group D 15.3 (12.7-18) 12.7 (9.9-17.6) 12.2 (9.4-16.3) 12.3 (9.6-16.3) 11.6 (10-16.3) 14.1 (11.4-16.3) 14.1 (11.7-16.8)
EPO (mIU/ml)
Group A 8.1 (2.9-26.6) 8.8 (6.2-14.1) 8.4(4.1-19.2) 8 (4.2-15.4) 9.2 (7-45.4) 7.5(4-51.4) 7.7 (4-49.3)
Group B 5.4 (0-55.5) 11.8 (2.5-100.7)  19.4 (2.5-65.2) 22.3 (0-92) 24.7 (0-158.1) 19.9 (2.7-70.1) 7 (0-46)
Group C 5.3(0-19.2) 21.9 (0-91.6) 26.9 (3.4-136.5)  29.5 (4.4-198.3) 33.1 (0-188.5) 18.5 (3.6-89.9) 7.7 (2.5-63.2)
Group D 5.8(2-51.7) 20.8 (7.5-82.9)  23.3 (11-87.5) 25.6 (6.8-126.9) 28.9 (9.5-200) 8.3 (3.7-42.6) 6.9 (3.1-12.3)
Reticulocytes (103/pl)
Group A - - - - = = =
Group B 44.9 (22.4-133)  58.3 (23.2-204)  91.5 (28-188) 84 (28.5-179) 74.4 (26.6-149) 66.9 (21.6-191) 49.1 (30.7-142)
Group C 43.7 (19.3-77.5)  67.8 (24.8-273)  56.4 (21.5-171) 50.8 (20.4-236)  42.5(19.3-169) 36.9 (13.7-92.9) 49.9(17.1-86.4)
Group D 48 (15.8-94.5)  70.9 (31.3-152) 67 (26.5-158) 63.1 (32.2-169)  55.7 (14.5-127) 32.7 (15.7-58.9)  35.9 (19.4-73.3)
Platelets (10°/pl)
Group A 158 (42-307) 132.5 (45-272) 127 (42-225) 129 (48-221) 148 (32-308) 186 (88-384) 137 (38-299)
Group B 177 (50-371) 161 (91-294) 162.5 (103-300) 161 (108-362) 172 (116-424) 177 (111-377) 199 (131-299)
Group C 194 (105-277) 136.5 (75-475) 124 (74-258) 129.5 (73-275) 136 (80-259) 172 (73-275) 183 (128-350)
Group D 188.5 (86-343) 155 (80-290) 148 (86-256) 140 (72-306) 153 (65-259) 210 (64-421) 198 (120-438)
TPO (pg/ml)
GronJgp A 95.2 (60.2-166.1) 134.9 (59.3-217) 131.4 (81.6-240) 135 (46.6-295.1) 182.7 (103.1-366.5) 136.5(75.3-219)  134.4 (83.8-203.8)
Group B 80.5 (0-211.¢) 98.6 (51.2-299.1) 117.7 (41.7-308.8) 139.8 (74.7-278.1) 160.7 (36.1-334.8) 148 (52.3-362.1)  83.1 (31.2-215.3)
Group C 72.4 (0-156.2) 95.1 (0-246.6) 130.2 (0-381.1) 151.1 (50.1-355.9) 170.1 (54.2-359) 136.9 (53.9-362.4) 87.3 (38.4-174.8)
Group D 67.8 (40.6-157.3) 115.7 (52.7-184.7) 107.7 (67.9-214.7) 155.5 (64.4-300.8) 165.1 (75.1-392) 131.4 (37.3-335.8) 106.7 (50.9-162.2)
Leucocytes (10°/pl)
Group A 6.7 (3.5-10.5) 5.4 (1.9-7.8) 5(2.2-6.7) 4.6 (1.7-7.5) 3.7 (1.9-9) 6.1(3.1-8.2) 5.6 (2.6-12.4)
Group B 5.5(3.2-10.8) 3.9 (1.3-10) 3.4 (2-8.2) 3.4 (2.1-6.8) 3.3 (2.1-7.4) 3.6 (2.3-6.4) 6.1(2.8-10.2)
Group C 5.9 (3.5-12.1) 2.8 (1.3-7.1) 2.7 (1.6-7.8) 2.7 (1.2-6.3) 2.5 (1.6-4.8) 4.3 (2.3-9.8) 5.3(3.3-9.6)
Group D 6.5 (3.8-12.3) 3.5 (1.9-5.9) 3.4 (2-5.1) 3.1 (1.7-7) 3.2 (1.8-7.1) 5.2(1.9-13.2) 6 (4.2-10.1)
Values are medians (ranges).
Values in bold typeface indicate significant difference from pre-IFN treatment values (p<0.05, Wilcoxon matched pairs fest).
IFN, interferon; EPO, erythropoietin; TPO, thrombopoietin.

clevated at the end of follow up (group C, 43%; group D, 47%
above baseline at week 24 after the end of therapy) (fig 2,
table 3), even though platelet counts had returned to normal.
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Figure 2 Thrombopoiesis. Platelet (A) and thrombopoietin (B) levels
before (week 0), during (week 4 until the end of therapy (EOT)) and after
(week 4p and week 24p) therapy with conventional interferon o (IFN-c)
alone (group A), in combination with ribavirin (group B), with pegylated
IFN-02a (group C), or with pegylated IFN-0.2b in combination with
ribavirin (group D). Data are mean (SEM).

At baseline and week 4, patients in group A had higher TPO
levels than those in group C (p<<0.05). Later on, throughout
the whole treatment period, TPO levels were comparable
between all four groups (Mann-Whitney U test, NS) (fig 2).
In group A, PPC was lower in patients with liver cirrhosis
compared with patients without cirrhosis (Mann-Whitney U
test: p<0.05 for week 0 to week 24) but TPO levels did not
differ. In patients in group B, C, and D, the effects of IFN on
thrombopoiesis were comparable between those with or
without liver cirrhosis.

White blood count during IFN therapy
White blood count (WBC) was decreased in all groups after
four weeks of therapy (median decrease in group A, 26%;
group B, 31%; group C, 50%, group D, 44%; p<<0.05 for group
A, p<0.0001 for groups B, C, and D) and remained decreased
throughout treatment (group A, p<0.05; groups B, C, and D,
p<<0.0001 for any week of therapy), with a maximum drop of
37% in group A at the end of therapy, 39% in group B at week
16, 55% in group C at the end of therapy, and 52% in group D
at week 12. After termination of treatment, WBC returned to
baseline within 24 weeks in all treatment groups (fig 3,
table 3). The decrease in WBC levels was more severe in
patients in group C than in those in groups A, B, and D
(group A v group C and group B v group C, p<0.01 at any
week of therapy; group C v group D, p<<0.05 at weeks 4, 8,
and end of therapy), and in patients in group D compared
with those in group A (group A v group D, p<<0.01 at week 4
to week 20). Patients in groups A and B and those in groups B
and D showed comparable decreases in WBC levels (group A
v group B, p<<0.05 at week 8 and 12, NS at any other week of
therapy; group B v group D, p<0.05 at week 20, NS at any
other week of therapy) (fig 3).

The decrease in WBC affected both neutrophils and
lymphocytes. At week 4 of therapy, levels of both cell types
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Figure 3 Leucopoiesis. Leucocyte count (A), neutrophil count (B), and
lymphocyte count (C) before (week 0), during (week 4 until the end of
fﬁerapy (EOT)) and after (week 4p and week 24p) therapy with

conventional interferon o (IFN-c) alone (group A), in combination with
ribavirin (group B), with pegylated IFN-0.2a (group C), or with pegylated
IFN-02b in combination Wiﬁ'l ribavirin (group D). Data are mean (SEM).

decreased in patients on combination therapy (median
decrease in neutrophils in group B, 40%; group C, 56%;
group D, 55%; lymphocytes, group B, 14%; group C, 35%;
group D, 27%; p<<0.0001). The decrease in neutrophils and
lymphocytes in patients in group A was only marginal
(median decrease in neutrophils 22%, lymphocytes 9%;
Wilcoxon matched pairs test, NS) (fig 3). In patients on
combination therapy both neutrophils and lymphocytes
remained decreased throughout treatment. Groups B, C,
and D reached the nadir of neutrophil count at week 8
(median decrease in group B, 40%; group C, 55%; group D,
49%) while lymphocytes continued to decrease and reached
their nadir at week 16 in group D and at the end of treatment
in groups B and C (median decrease in group B, 53%; group
C, 62%; group D, 50%) (fig 3). After the end of treatment,
neutrophil counts returned to baseline levels within four
weeks in group D and within 24 weeks in groups B and C.
Lymphocyte counts returned to baseline levels within
24 weeks after the end of treatment in groups B and D but
remained below baseline levels in patients in group C at the
end of follow up (median 12% below baseline at week 24
after therapy) (fig 3). However, the increase in lymphocyte
counts in group C from the end of treatment until the end of
follow up was significantly higher than in the other groups
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(median increase in group A, 32%; group B, 80%; group C,
128%; group D, 72%; p<<0.05)

The decrease in neutrophil counts was comparable
between groups A, B, and D, showing significant differences
only at the beginning of therapy (group A v group B, group A
v group D, p<<0.05 for weeks 4 and 8, NS for any other week
of treatment; group B v group D, NS for any week of therapy).
Compared with groups A, B, and D, neutrophil count was
lower in group C throughout the whole therapy (group A v
group C, group B v group C, group C v group D, p<<0.01 for
any week of therapy) (fig 3). The decrease in lymphocyte
count was comparable between groups A, B, and D (group A v
group B, group A v group D, p<<0.05 at week 16 of therapy,
NS at any other week of therapy; group B v group D, NS for
any week of therapy) but was significantly lower in group C
than in groups A, B, and D (group A v group C, p<<0.05 at any
week of therapy; group B v group C, p<<0.05 at week 16 until
the end of therapy; group C v group D, p<<0.05 at week 4,
week 24, and at the end of therapy, NS at any other week of
therapy) (fig 3). IFN therapy did not affect leucopoiesis
differently in patients with liver cirrhosis compared with
those without cirrhosis (NS).

DISCUSSION

Administration of both standard or pegylated IFN-o alone or
in combination with ribavirin causes a significant decrease in
all three lineages of the haematopoietic system, which cannot
be completely counteracted by the endogenous production of
haematopoietic growth factors.® ' *> The mechanisms respon-
sible for induction of cytopenia during IFN therapy have been
studied in detail in vitro. Direct inhibition of progenitor cell
proliferation in the bone marrow seems to be the dominant
factor.”” *°** In this study the effect of four treatment
regimens on haematopoiesis was distinct. Haemoglobin
levels were significantly diminished only in those patients
receiving combination therapy with ribavirin, which accu-
mulates in red blood cells and causes alterations in the
erythrocyte membrane known to be associated with erythro-
phagocytic extravascular destruction and haemolysis.” *

Although reticulocytes increased significantly in all groups
receiving combination therapy, the increase was inadequate
to overcome the effects of IFN/ribavirin combination therapy,
despite significantly elevated EPO levels. This confirms the
suppressive action of IFN-a on erythroid progenitor cell
proliferation.'” ” ** Long acting peginterferons appear to exert
a more pronounced suppressive effect as reticulocytes were
significantly higher despite less pronounced anaemia and
similar EPO levels in patients treated with the conventional
IFN/ribavirin (group B) compared with groups C and D. In
patients who received pegylated IFN, haemoglobin levels had
not returned to baseline at the end of the study period while
in those in group B, haemoglobin values reached baseline
24 weeks after the end of therapy.

Possibly the most interesting clinically relevant question is
whether the side effects of the different regimens require
dose modifications during therapy with direct impact on
clinical outcome such as sustained viral response. While this
study clearly does not have the power to answer this
question, there are some clues which will need to be pursued
in larger analyses: even though no direct differences between
the two pegylated IFNs could be demonstrated with regard to
decrease in haemoglobin levels, ribavirin dose reductions, or
patients who received less than 80% of the scheduled dose,
there where significantly more patients who received 40 kDa-
PeglFN-02a (group C) who had a haemoglobin level <10 g/dl
and who received <80% of their scheduled dose compared
with the conventional IFN/ribavirin group (group B). No
difference between group B and group D was observed for
these parameters.
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In all treatment groups the endogenous physiological
increase in EPO was unable to counteract the adverse effects
of IFN/RBV. Correction of anaemia could result in better
adherence to combination therapy, which may lead to
improved sustained virological response rates. Potential
strategies include treatment with antiviral agents that do
not cause significant haemolysis, such as levovirin or
viramidine, or support with haematopoietic growth factors.
Recent data show that treatment with superphysiological
doses of recombinant EPO can positively impact erythropoi-
esis, by correcting anaemia and thereby permitting main-
tenance of patients” intended ribavirin dose.***

PPC was significantly reduced in all groups after four
weeks of treatment. The significant increase in TPO levels
paralleling the decrease in platelet count indicates a true
reduction in platelet number, because TPO is produced at a
constant rate and regulated through clearance by c-mpl
receptors on platelets and megakaryocytes.”” ** The decrease
in PPC by IFN-a is caused by diminished production of
platelets through suppression of megakaryocyte progenitor
cell proliferation and differentiation in bone marrow,” '° *° as
shown previously. The median increase in TPO levels (48—
117%) was not as high as one would expect, considering the
exponential increase in TPO levels with declining platelet
count,*" and seems to confirm previous findings of a blunted
TPO response to thrombocytopenia during IFN therapy.*

The inability of increased TPO serum levels to sufficiently
counteract the decrease in platelet production could also be
explained by induction of suppressor of cytokine signalling 1
(SOCS-1) by IFN-o.”* Trrespective of the underlying
mechanism, the increase in endogenous TPO was insufficient
to counteract the impact of therapy in groups A, C, and D.
Combination therapy with ribavirin did not cause a further
decrease in PPC, as previously described,” and PPCs even
increased after an initial drop in patients receiving standard
IFN combined with ribavirin (group B). The mechanism
seems to be the combined effects of elevated TPO and EPO
levels on megakaryocytic progenitor cell proliferation.” **
EPO levels were significantly higher during combination
therapy with ribavirin compared with IFN monotherapy
because of the stimulus triggered by haemolytic anaemia.*
However, in patients receiving pegylated IFN and ribavirin,
the combined effects of high TPO and EPO serum levels were
not able to overcome the suppressive action of pegIFN on
thrombopoiesis. This is likely because of a stronger and
continuous suppressive effect of pegylated IFN on progenitor
cell proliferation compared with standard IFN. Again, as
shown for erythropoiesis, pegylated IFN-o2a seems to exert a
slightly stronger suppressive effect on thrombopoiesis com-
pared with pegylated IFN-o2b.

The two groups treated with long acting peginterferons did
not differ with regard to their PPC levels but did differ
compared with the conventional IFN/ribavirin group B.
Leucocytes decreased and remained below baseline levels
throughout the whole treatment period in all groups (fig 3).
The decrease in WBC in the monotherapy group was only
marginal. Both pegylated IFNs exerted a stronger suppressive
effect on leucopoiesis compared with monotherapy with
conventional IFN, but compared with group B, only group C
showed a significantly stronger suppression of WBC. When
the two peg-IFNs were directly compared, patients treated
with IFN-02a showed lower WBC counts at weeks 4 and 8,
and at the end of therapy.

Neutrophil and lymphocyte counts were the only para-
meters with a clearcut statistically significant difference
between the two peginterferon preparations. Throughout the
whole of the treatment period, patients in group C had
significantly lower levels of neutrophils compared with
patients in group D. The difference in lymphocyte counts
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between the two groups could only be seen at week 4, at
the end of therapy, and at the end of follow up. While
the difference at the end of therapy can be explained by the
difference in treatment duration between these groups, the
difference in WBC and lymphocyte counts at the beginning of
therapy and neutrophil counts throughout the treatment
period could be attributed to different pharmacological
properties. Whether this is due to different biological
properties of the modified interferon molecules or an effect
of dose accumulation of the 40 kDa-PegIFN-o2a compared
with the 12 kDa-PegIFN-02b cannot be determined with
certainty. The fact that despite similar antiviral activities
there was a clearcut difference in leucopoiesis and a similar
trend in erythropoiesis and thrombopoiesis in favour of the
12 kDa-PegIFN-02b still provides no clear mechanistic
distinction but argues in favour of at least some biological
differences between these drugs.

Another interesting fact is that only in patients in group C
did lymphocytes not return to baseline levels at the end of the
study period. Most likely this can be explained by the longer
duration of therapy in this group. An irreversible effect of
peglFN-o2a is unlikely as patients in group C showed the
highest increase in lymphocyte counts from the end to
therapy until the end of follow up, and as lymphocyte counts
were within the normal range at the end of the study period
the clinical relevance of this observation is questionable.

In summary, the haematological toxic effects of combina-
tion antiviral therapy with IFN/ribavirin occur in association
with a marked increase in endogenous growth factor levels of
EPO and TPO. Yet these marked increases are still insufficient
to counteract the side effects to an extent that would allow all
patients to receive full dose antiviral therapy.

There is evidence that patients with marked haematologi-
cal toxicities will benefit from treatment with superphysio-
logical doses of specific haematopoietic  growth
factors,” > ** *** enabling them to receive full dose combina-
tion therapy. Whether this can ultimately improve sustained
virological response rates remains to be established in
prospective randomised trials. These trials should provide
the answer to the important question of whether expensive
growth factor therapy in addition to full dose antiviral
therapy will become an accepted and worthwhile alternative
to dose reduction of antiviral therapy.
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