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We previously reported a pilot study of thalidomide monotherapy
for Japanese patients with refractory or relapsed multiple myeloma.
In the present work, we have extended this clinical trial to a single-
institute phase 2 study with a larger number of patients and longer
follow-up time. New information on the optimal dose and prognostic
factors as well as the correlation of toxicities with treatment
schedule was obtained. Fifteen of 56 (27%) patients achieved a
partial response, including three cases with near-complete remission.
Most patients suffered toxicities at a dose of 400 mg per day, but
there was no clear dose-response relationship. Thus, a lower dose
such as 200 mg per day or less is considered optimal. Multivariate
analyses identified only lack of response to therapy as an adverse
prognostic factor for progression-free survival. Chromosomal
abnormality, C-reactive protein >10 mg/L, and more than six previous
courses of chemotherapy were significantly associated with shorter
overall survival. Grade 3 or 4 neutropenia and thrombocytopenia
were observed in 23 and 11% of patients, respectively. Grade 4
interstitial pneumonia and grade 5 pulmonary hypertension were
observed; however, no patient suffered deep vein thrombosis,
which has frequently been observed in other studies. Duration of
therapy was closely related to the development of peripheral
neuropathy. The efficacy and prognostic factors of this treatment
were confirmed in long-term observation. However, special attention
should be paid to toxicities such as hematological and pulmonary
complications as well as peripheral neuropathy in long-term users.
(Cancer Sci 2008; 99: 1243-1250)

IVIultiple myeloma (MM) is a hematological malignancy
that occurs predominantly in the elderly, with most
patients being diagnosed in their early sixties. Although several
chemotherapeutic regimens and high-dose therapies combined
with autologous hematopoietic stem cell transplantation have
improved survival, most patients relapse and become resistant to
therapy. In theory, allogeneic transplantation eradicates the
disease via the graft-versus-myeloma effect. However, few patients
are appropriate candidates for this treatment, and there is a high
frequency of therapy-related early death. Therefore, new potential
therapies should be explored extensively.

Thalidomide is a glutamic acid derivative that was used in the
late 1950s as a therapy for pregnancy-related morning sickness.
In 1961, when the teratogenicity of this drug was recognized,
thalidomide was taken off the market worldwide.""” However,
in the 1990s, thalidomide reemerged as an antineoplastic drug
with antiangiogenic activity.® Recent studies have shown that
thalidomide is effective for the treatment of relapsed and refractory
MM.49 For example, a large-scale phase 2 trial including 169
patients revealed that 30% of the patients achieved a reduction
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of more than 50% in M protein with 9% progression-free
survival (PFS) and 25% overall survival (OS) at 4 years.©® The
deletion of chromosome 13, high B2 microglobulin (f2M), a
high plasma cell labeling index, and the use of less than 42 g
thalidomide in 3 months were associated with shorter OS.© A
systematic review of phase 2 trials of thalidomide monotherapy
in patients with relapsed or refractory MM revealed a 29%
response rate and median OS at 14 months.® Grade 3 or 4 toxicities
included somnolence, constipation, peripheral neuropathy, skin
rash, and deep vein thrombosis (DVT).® Recently, the combina-
tion of thalidomide and dexamethasone has shown a synergistic
effect with a higher response rate compared with thalidomide
alone,” and very recently the use of thalidomide with melphalan
plus prednisone (MP) in untreated patients has provided a survival
benefit over MP alone.®?

We previously reported the results of thalidomide monotherapy
for patients with refractory or relapsed MM."” We extended
the clinical trial as a single-institute phase 2 study with a larger
number of patients and longer follow-up time. Namely, 56
patients including 24 cases reported in the previous report!”
were observed with a median follow-up time of approximately
4 years. Here we report on the clinical outcome of this more
extensive study, including prognostic factors and optimal dose.
We also demonstrated that the duration but not the daily dose of
thalidomide correlated with the occurrence of peripheral neu-
ropathy, a side-effect that frequently hampers the continuation
of thalidomide therapy.

Patients and Methods

Patients. A total of 61 patients with MM started thalidomide
monotherapy at Keio University Hospital between November
1998 and October 2005, and the closeout day was 31 December
2006. All 61 patients were included in the evaluation of adverse
events. Five patients were excluded from the evaluation of
efficacy and prognosis because of a lack of disease marker in
one patient with non-secretory MM, early discontinuance of
thalidomide due to grade 4 neutropenia in three patients, and
interstitial pneumonitis in one patient, leaving a total of 56
patients. Patient eligibility was defined as follows: (1) patients
with MM relapsed after hematopoietic stem cell transplantation
or those who were resistant to at least two different
chemotherapeutic regimens; (2) at least 4 weeks since the last
chemotherapy or radiotherapy; and (3) Karnofsky performance
status greater than 60. Women who might have become pregnant
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during thalidomide treatment were strictly excluded. Patients
were also excluded if they had moderate to severe organ failure,
if they had a serum transaminase or y-glutamyl transpeptidase
level higher than three times the upper limit of normal subjects
or a serum creatinine level over 30 mh/L, if they had a severe
neurological or psychological disturbance, or if they had cardiac
failure or arrhythmia requiring medical intervention. Patients
with active infections or who were positive for hepatitis B or C
virus, human immunodeficiency virus, or human T-cell leukemia
virus type I were also excluded. Written informed consent was
obtained from all patients at the time of enrollment. This study
was approved by the ethical committee of the Keio University
School of Medicine. Beginning in December 2004, this study
was conducted according to the guidelines for thalidomide
treatment of MM established by the Japanese Society of Clinical
Hematology.

Treatment schedule. Thalidomide was supplied by the Sociedade
Farmaceutic Brasifa (Rio de Janeiro, Brazil) or by the Penn
Pharmaceutical Service (Tredegar, UK) in 100-mg tablets.
Thirteen patients were treated with thalidomide provided from
the former supplier in Brazil, and six of them (46%) responded
to therapy. No notable differences in toxicity pattern were
observed between the 13 patients and the rest of the cases. A
dose of 200 mg was administered at night to all patients, and
unless intolerable adverse effects were observed within 1 week,
the dose was increased to 400 mg, which was then continued
as a maintenance dose. In cases in which the dose escalation
was difficult because of adverse effects, the affected patients
continued to receive the lower dose of thalidomide. During
thalidomide treatment, the patients were not permitted to receive
any other chemotherapy or radiotherapy. When disease progression
was observed, different treatment plans, including combination
therapy consisting of thalidomide with dexamethasone, were
considered. Dexamethasone was used for 4 consecutive days,
usually on a schedule of every second week, at a standard dose
of 20 mg per day. Based on tolerability and disease activity, the
dose was modified from 10 to 40 mg per day. Supportive therapies
including blood transfusion, granulocyte-colony stimulating factor
(G-CSF), and supplemental gamma globulin were allowed.
Bisphosphonates were permitted only if they had been used prior
to the commencement of thalidomide. The patients’ symptoms
and laboratory examination results, including complete blood cell
counts, serum transaminase, serum creatinine, serum calcium, C-
reactive protein (CRP), M protein level, and B2M were examined
at least once per month. Chromosomal abnormalities were recorded
based on the data from 20 Giemsa-banded metaphases.

Assessment of response. Response to thalidomide was evaluated
as described previously.!” Briefly, all responses, including
stable disease, had to be maintained for at least 4 weeks in order
to be counted as a response. The responses were classified as
complete remission (CR), partial remission (PR), minimal response
(MR), no change (NC), or progression of disease (PD). CR was
defined as: (1) the disappearance of monoclonal protein and
urine Bence—Jones protein determined by immunoelectrophoresis;
(2) the disappearance of plasmacytoma; (3) fewer than 5%
plasma cells in bone marrow; (4) no progression of bone
lesions; and (5) normalization of anemia and hypercalcemia. PR
was defined as: (1) a decrease of more than 50% in serum M
protein levels or daily urine Bence—Jones protein; (2) a decrease
in bone marrow plasma cells; (3) no progression of plasmacytoma
or lytic bone lesions; and (4) normalization of serum calcium
levels. If the decrease in M protein was between 25 and 50%,
the response was considered to be minimal. NC was defined as
both of the following: (1) a decrease of less than 25% in M
protein levels; and (2) no progression of plasmacytoma or bone
lesions. PD was defined as one or both of the following: (1) an
increase in M protein or bone marrow plasma cells; or (2)
progression of plasmacytoma or bone lesions. Patients who
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achieved CR, PR, or MR were considered to be responders, and
those classified as NC or PD were considered non-responders.
In responders, an increase in serum or urine M protein of more
than 25% above the minimum value on at least two consecutive
occasions was considered to constitute a relapse.

Assessment of adverse effects. The severity of adverse effects
was graded according to the National Cancer Institute Common
Adverse Events version 3.0. The dose of thalidomide was
adjusted according to the adverse effects as follows. If a grade
3 non-hematological toxicity occurred, the drug was withheld.
In the case of a grade 2 non-hematological toxicity, the dose was
reduced to tolerance level; that is, the toxicity was improved to
at least grade 1. If the patient’s white blood cell count was
below 2 x 10°/L or his or her neutrophil count was less than
1 x 10%/L, the dose of thalidomide was reduced by one-half, and
G-CSF was used if necessary. If the white blood cell count was
below 1 x 10°/L or the neutrophil count was less than 0.5 x 10°/L,
thalidomide was discontinued. If any other grade 3 or higher
hematological toxicity was observed, the drug was withheld.
Thalidomide was restarted at 50% of the original maintenance
dose when the toxicity was alleviated and the patient had
recovered to the pretreatment level.

Plasma concentration of thalidomide. Plasma samples were
collected 1 month after the start of therapy, when plasma
concentrations had stabilized. The measurement of plasma
concentrations at 12 =2 h after the last thalidomide administration
was described in our previous work.'” The lower limit of
detection was 0.1 pg/mL. Our examination of the pharmacokinetics
of a single dose of 200 or 400 mg thalidomide in patients with
MM showed that the maximum concentration was obtained in
4—-6 h, and that the concentration then stabilized at 10-14 h
after each dose. Thalidomide was given nightly, and plasma
concentrations were examined the next morning at 12 £2h
after the last dose. To examine correlations between plasma
concentration and treatment efficacy, if M protein was reduced
by more than 25% at plasma sampling, the patient was considered
to be a responder.

Plasma concentrations of growth factors. Plasma samples were
collected within 2 h of blood sampling. Plasma concentrations
of basic fibroblast growth factor (FGF)-2, vascular endothelial
growth factor (VEGF), and hepatocyte growth factor (HGF) were
determined using a sandwich enzyme-linked immunosorbent
assay technique (R & D Research Corporation, Minneapolis, MN,
USA) as described previously.!'" Tests at all time points were
carried out in triplicate. The plasma concentrations of normal
subjects were: FGF-2, 2.19 £1.87 ng/L (range 1.0-7.67 ng/L);
VEGF, 17.7 £5.4 ng/L (range 15.6-38.3 ng/L); and HGEF,
<0.3 ug/L."Y When concentrations were higher than the
maximum of normal subjects, that is, over 7.67 ng/L for FGF-2,
over 38.3 ng/L for VEGEF, and over 0.3 ug/L for HGF, they were
considered to have increased.

Statistical analysis. Time to cessation and time to dose reduction
were evaluated and described by the Kaplan—-Meier method. The
prognostic factors studied prospectively for response to therapy,
PFS, and OS were age (>55 years vs younger), sex, Durie—
Salmon stage (stage 3 vs stage 1 or 2), International Staging
System (stage 3 vs stage 2 vs stage 1), M protein type (IgG,
Bence-Jones, IgA, or IgD vs other types), previous history of
hematopoietic stem cell transplantation, chromosomal abnormality
detected by Giemsa-banding, serum albumin (<30 g/L vs 30 g/L
or higher), serum B2M (=3.5 mg/L or higher vs <3.5 mg/L),
lactate dehydrogenase (LDH) (>200 IU/L vs 200 IU/L or lower),
hemoglobin (85 g/L. or higher vs <85 g/dL), CRP (10 mg/L
or higher vs <10 mg/L), serum creatinine (>15 mg/L vs 15 mg/L
or lower), corrected calcium level (>102 mg/L vs 102 mg/L or
lower), bone marrow plasma cell percentage (>30% vs 30% or
less), response to the last treatment (CR, PR, or MR vs NC or PD),
frequency of previous chemotherapy (>6 courses vs 6 courses
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or fewer), primary refractory case or not, mean daily dose
(>200 mg per day vs 200 mg or less), and total dose (>20 g vs
20 g or less). Associations between clinical characteristics and
response to thalidomide were examined using Fisher’s exact test
and the x*-test.? The correlation of plasma concentrations of
angiogenic growth factors with response to therapy was evaluated
using the Mann—Whitney U-test. PFS was measured from
the date of initiation of thalidomide treatment to the date of
progression or death for any reason. OS was measured from the
date of initiation of thalidomide treatment to the date of death.
For PES and OS, response to thalidomide therapy (CR, PR, and
MR vs NC and PD), total dose of thalidomide and pretreatment
plasma concentrations of angiogenic growth factors including
HGF (>0.3 ug/L vs 0.3 pug/L or less), FGF-2 (>7.67 ng/L vs
7.67 ng/L or less), and VEGF (>38.3 ng/L vs 38.3 ng/L or less)
were also included. The Kaplan—-Meier method was used to
evaluate the prognostic factors of PFS and OS in univariate
analysis, censoring PFS and OS on 31 December 2006. For
multivariate analysis, those variables with a value of P < 0.1 in
univariate analyses were subsequently included in a Cox
proportional hazards regression analysis by backward stepwise
selection."'? The association of seven frequent toxicities with
mean daily dose, plasma concentrations of thalidomide, total
dose, and duration of treatment of thalidomide was evaluated
using the Mann—Whitney U-test. The software package SPSS
version 15 (SPSS, Chicago, IL, USA) was used for statistical
analysis. P-values <0.05 were considered statistically significant.

Results

Patients’ characteristics and treatment. The clinical backgrounds
of the 56 evaluable patients prior to thalidomide therapy are
shown in Table 1. The median age was 57 years (range 30—
70 years). Ninety-one percent of the patients were diagnosed as
having Durie-Salmon stage 3, and 20% were classified as
having stage 3 by the International Staging System. Sixty-nine
percent had received more than six cycles of chemotherapy.
Twenty-one patients received autologous hematopoietic stem
cell transplantation, and five relapsed after allogeneic stem cell
transplantation. Thus, most patients were considered to have
far-advanced disease and had been heavily treated prior to
thalidomide therapy. Chromosomal abnormality was observed
in 14 patients including 10 cases with deletion of chromosome
13. The median follow-up time from the start of thalidomide to
the closeout day was 219 weeks (range 65-426 weeks).

Time to cessation of thalidomide is shown in Figure 1a. The
median duration of thalidomide monotherapy was 14 weeks. At
the end of 2006, only one patient was still receiving thalidomide
monotherapy. The reasons for the cessation of thalidomide
therapy in the remaining 55 patients were progression of disease
in 41 cases, adverse events in 12 cases, and preparation for
autologous hematopoietic stem cell transplantation in two
cases. Adverse events that led to the discontinuance of therapy
included neutropenia in six patients, and pulmonary hyperten-
sion, interstitial pneumonitis, peripheral neuropathy, myopathy,
fungal pneumonia, and hearing disturbance in one case each. In
the present study, the patients received a daily dose of 200 mg
thalidomide for 2 weeks as an initial dose and, unless significant
toxicity was observed, the daily dose was then increased to
400 mg as a standard dose. The dose was reduced due to toxicities
in 39 cases. The primary reasons for dose reduction within the
first 3 months included somnolence in 10 cases, neutropenia in
five, peripheral neuropathy in four, infection in four, skin rash in
three, dizziness in three, nausea and vomiting in three, constipation
in two, and fever in one case. Dose reduction later than 3 months
after the initiation of therapy occurred in four cases, all due to
peripheral neuropathy. The time to dose reduction is shown in
Figure 1b. The median time of dose reduction was 3 weeks after
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Table 1. Patients’ characteristics
Variable n/N (%)
Age > 55 years old 35/56 (63)
Male 36/56 (64)
Durie-Salmon stage 3 51/56 (91)
International Staging System
Stage 1 28/56 (50)
Stage 2 17/56 (30)
Stage 3 11/56 (20)
M protein
19G 28/56 (50)
BJP 12/56 (21)
IgA 14/56 (25)
IgD 2/56 (4)
kappa light chain 34/56 (61)
lamba light chain 22/56 (39)
Stem cell transplantation 26/56 (46)
Chromosomal abnormality 14/52 (27)
Albumin <30 g/L 17/56 (30)
2 microglobulin >3.5 mg/L 24/56 (43)
Lactate dehydrogenase > 200 IU/L 21/56 (38)
Hb <85 g/L 17/56 (30)
C-reactive protein > 10 mg/L 7/56 (13)
Serum Cr >15 mg/L 6/56 (11)
Corrected calcium >10.2 mg/dL 9/55 (16)
Bone marrow plasma cell >30% 15/53 (28)
No response to the last therapy 37/56 (66)
Plasma concentrations >2 mg/L 25/43 (58)
Previous therapy >6 courses 38/55 (69)
Primary refractory case 14/56 (25)
Pretreatment growth factor level
Hepatocyte growth factor >0.3 ng/L 18/52 (35)
Fibroblast growth factor-2 >7.67 ng/L 38/52 (73)
Vascular endothelial growth factor >38.3 ng/L 36/52 (69)

BJP, Bence-Jones protein; Cr, creatinine; Hb, hemoglobin; n, number of
patients; N, number with valid data for each factor.

the initiation of therapy. Figure 1c shows changes in the daily
thalidomide dose over time. Even though the standard dose was
400 mg per day in the present study, approximately half of the
patients were unable to tolerate 400 mg for 1 month, and only
5 of 21 (24%) patients were able to continue this dose for
6 months. In contrast, a daily dose of 200 mg or lower was well
tolerated in 14 (67%) cases at 6 months after the initiation of
therapy and one patient was able to continue the lower dose for
45 months. Thus, a dose of 200 mg or less per day was considered
preferable from the point of view of toxicity.

Response to therapy. Twenty-two of 56 patients showed a
reduction of more than 25% in M protein during treatment with
thalidomide alone, and the overall response rate was 39%.
Among the 22 responders, 15 achieved PR (a reduction of more
than 50% in M protein), and near-CR (disappearance of the
M peak by urinary or blood protein electrophoresis) was also
observed in three cases (5.4%). In order to predict the response
to thalidomide, monovariate analysis of the patients’ backgrounds
was conducted. However, none of the following factors was
significantly correlated with treatment response: age, sex, clinical
stage, type of M protein, anemia, serum albumin level, renal
function, B2M level, LDH level, CRP level, corrected serum
calcium level, bone marrow plasma cell percentage, chromosomal
abnormality, response to the last treatment, previous history of
hematopoietic stem cell transplantation, or pretreatment plasma
concentration of angiogenic growth factors (data not shown).
Thus, we conclude that it is difficult to predict the response
before the initiation of therapy. The median daily dose and plasma
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Fig. 2.
curve of overall survival (OS). The median time of PFS was 8 weeks. Lack of response to therapy and Durie-Salmon stage 3 were inversely
correlated with PFS. The median time of OS was 83 weeks. Lack of response to therapy, chromosomal abnormality, a serum lactate dehydrogenase
(LDH) level of 200 IU/L or higher, a C-reactive protein (CRP) level of 10 mg/L or higher, more than six courses of previous chemotherapy, elevated
pretreatment hepatocyte growth factor (HGF) levels (>0.3 pg/L), and low pretreatment vascular endothelial growth factor (VEGF) levels (<38.3 ng/L)
were associated with poor prognosis for OS.
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Table 2. Patient characteristics affecting progression-free and overall
survival in univariate analysis

No. Estimated median

Characteristics patients survival (weeks) P-value
Progression-free survival
Response to therapy
No response 34 6.00 + 0.52
Response 22 40.00 £ 7.51 <0.001
Durie-Salmon stage
Stages 1 and 2 5 33.00 + 27.39
Stage 3 51 8.00 + 3.11 0.037
International staging system
Stages 1 and 2 45 13.00 + 3.83
Stage 3 1 6.00 + 0.89 0.131
Chromosomal abnormality
- 38 8.00 + 6.94
+ 14 7.00 + 0.46 0.184
Plasma concentration of
thalidomide
<2 mg/L 18 13.00 £ 10.61
>2 mg/L 25 14.00 + 4.00 0.172
Overall survival
Response to therapy
No response 34 48.00 + 9.48
Response 22 160.00 + 37.58 0.009
Chromosomal abnormality
- 38 119.00 + 35.57
+ 14 44.00 + 6.55 <0.001
Lactate dehydrogenase
<200 IU/L 35 119.00 + 45.10
>200 IU/L 21 44.00 = 14.71 0.001
C-reactive protein
<10 mg/L 49 100.00 = 23.08
>10 mg/L 7 18.00 + 7.86 0.001
Previous therapy
<6 courses 17 177.00 = 14.08
>6 courses 38 49.00 £ 9.25 0.002
Pretreatment plasma hepatocyte
growth factor level
<0.3 pug/L 34 119.00 + 44.39
>0.3 pg/L 18 61.00 + 14.85 0.025
Pretreatment plasma vascular
endothelial growth factor level
<38.3 ng/L 16 49.00 = 16.00
>38.3 ng/L 36 119.00 + 25.66 0.044
Allogeneic stem cell
transplantation
- 51 99.00 + 19.99
+ 5 37.00 = 6.57 0.077
International staging system
Stages 1 and 2 45 84.00 + 26.28
Stage 3 11 57.00 = 35.23 0.078

concentration of thalidomide at 1 month after the initiation
of therapy were also compared between responders and non-
responders; however, neither was found to be significantly
correlated with response. Specifically, the median daily doses
for responders and non-responders were 300 and 200 mg per day
(P = 0.28), respectively, and plasma concentrations of thalidomide
in responders and non-responders were 24 and 21 mg/L,
respectively (P = 0.61). Therefore, dose intensity is not an
important factor for the response to thalidomide monotherapy.
Thirty out of 56 patients (54%), including 19 cases who were
primarily refractory to thalidomide monotherapy and 11 cases
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Table 3. Significant prognostic factors in multivariate analysis

Hazard ratio

Characteristic (95% confidence interval)

Progression-free survival
Response to therapy
No response 1
Response 0.054 (0.018-0.168)
Overall survival
Chromosomal abnormality
- 1

+ 5.631 (2.450-12.943)
C-reactive protein

<10 mg/L 1

>10 mg/L 5.403 (2.044-14.283)
Previous therapy

<6 courses 1

>6 courses 2.905 (1.258-6.707)

who relapsed after first achieving a response, were treated with
combination therapy of thalidomide with dexamethasone. Seven
patients, including four refractory cases and three relapsed
cases, responded to the combination therapy and achieved PR.

Progression-free survival and overall survival. Figure 2 shows the
Kaplan—Meier curves for the PES and OS of all patients at
2 years, which were estimated to be 10.7 and 41.3%, respectively.
The median time of PFS was 8 weeks, and the median time of
OS was 83 weeks. In order to evaluate the aspects of each
patient’s background that affected survival, univariate analysis
was conducted, and the results are summarized in Table 2. The
Kaplan—Meier curves of statistically significant factors are also
shown in Figure 2. The poor prognostic factors for PFS were a
lack of response to therapy including NC and PD (P < 0.001)
and Durie—Salmon stage 3 (P = 0.037). The poor prognostic
factors for OS were lack of response to therapy (P = 0.009),
chromosomal abnormalities (P < 0.001), high LDH level (over
200 IU/L; P =0.001), elevation of CRP (over 10 mg/L; P = 0.002),
more than six cycles of previous chemotherapies (P = 0.002),
elevated pre treatment HGF level (P =0.025), and lower
pretreatment VEGF level (P = 0.044). Mean daily dose was not
significantly correlated with PES or OS. Thus, treatment with a
higher dose did not always improve survival. Lack of response
to therapy was a poor prognostic factor for PFS, and chromosomal
abnormality, increased CRP level, and more than six cycles of
previous chemotherapy were significant poor prognostic factors
for OS (Table 3).

Adverse events during thalidomide monotherapy. During treat-
ment with thalidomide, all 61 patients complained of at least one
adverse event. Somnolence, constipation, peripheral neuropathy,
dry mouth, and skin rash appeared in more than 50% of patients
(Table 4). Severe toxicities of grade 3 or higher were observed
in 31 patients (Table 4). Hematological toxicities were the
most frequent serious adverse events, with neutropenia and
thrombocytopenia being observed in 13 (21%) and 7 (11%) of
our 61 patients, respectively. Grade 3 infection occurred in 11
patients (18%), and grade 3 or 4 lymphopenia in 3 patients (5%)
during thalidomide monotherapy. Grade 3 peripheral neuropathy,
dizziness, nausea, hearing disturbance, and wrist-drop were also
observed in one case each (2%) (Table 4). Pulmonary complications
such as grade 4 interstitial pneumonia and grade 5 pulmonary
hypertension were observed in one case each. A detailed case
report of pulmonary hypertension was presented in our previous
work."® In the present case, there was no finding of pulmonary
embolism in the postmortem autopsy, and it remains unknown
whether the occurrence of pulmonary hypertension was
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Table 4. Adverse events

Adverse event No. patients (%) n =61

All adverse events

Somnolence 48 (79%)
Constipation 35 (57%)
Dry mouth 34 (56%)
Peripheral neuropathy 34 (56%)
Skin rash 33 (54%)
Fever 20 (33%)
Neutropenia 15 (25%)
Finger tremor 14 (23%)
Infection 12 (20%)
Dizziness 11 (18%)
Thrombocytopenia 10 (16%)
Fatigue 9 (15%)
Gastrointestinal symptoms 6 (10%)
Headache 6 (10%)
Grade >3 adverse events only
Neutropenia 13 (22%)
Infection 11 (18%)
Thrombocytopenia 7 (11%)
Lymphopenia 3 (5%)
Peripheral neuropathy 1(2%)
Dizziness 1(2%)
Gastrointestinal symptoms 1(2%)
Interstitial pneumonia 1(2%)
Pulmonary hypertension 1 (2%)
Hearing disturbance 1(2%)
Wrist-drop 1(2%)

related to thalidomide or was coincidental. Importantly, DVT was
not observed during thalidomide therapy in the present study, even
though it has frequently been reported in previous studies.®!¥
The relationship between the frequently observed adverse
events and the dose and duration of thalidomide therapy was
examined and the results are shown in Table 5. None of the
adverse events was significantly associated with mean daily dose
or plasma concentration of thalidomide. Peripheral neuropathy,
constipation, and dry mouth were significantly correlated with

Table 5. Adverse events and treatment schedule of thalidomide

total dose and treatment time but not with daily dose or plasma
concentration of thalidomide. Assuming that constipation and
dry mouth are neurogenic toxicities, the time of exposure to
thalidomide is likely to be an important factor for these adverse
events. In order to clarify the correlation of adverse events with
treatment time, the time course frequency of each adverse event
was examined (Fig. 3). Somnolence, fever, and neutropenia
frequently emerged in the first 2 weeks, and their frequency
declined over time. In contrast, peripheral neuropathy, constipation,
and dry mouth gradually increased in frequency with increasing
duration of treatment. For example, peripheral neuropathy
appeared in approximately half of the patients at 6 months after
the start of therapy and in all patients at 1 year.

Discussion

A number of studies on single-agent thalidomide therapy for
refractory or relapsed MM have been reported and show a
30-60% response rate.*%>71 In the present study, 39% of the
patients responded to thalidomide monotherapy at a dose of
100-400 mg per day, and 27% achieved PR. Although the
median daily dose in the present study was only 200 mg, which
is lower than those reported in most previous studies, the present
study demonstrated as good a response rate as the previous
reports.S015719 Tmportantly, it was difficult for many of our
patients to continue a daily dose of 400 mg thalidomide for a
long time because of its toxicities (Fig. 1; Table 5). Thus, we
consider 200 mg or less to be the optimal dose. Other studies
also support the efficacy of low-dose thalidomide therapy.®*2)
As described in the Results section above, response to thalidomide
therapy was not significantly associated with the median daily
dose. A previous report by Barlogie ef al. indicated a dose—
response effect in that patients who were treated with more than
42 ¢ thalidomide over a period of 3 months, corresponding to
approximately 460 mg per day, showed a higher response rate
and longer 2-year OS.® This discrepancy may have arisen from
the longer follow-up time and the lower daily dose in the present
study. Our median follow-up time was longer than 4 years.
A daily dose of at least 400 mg for at least 3 months might
be necessary to obtain an observable dose-response effect of
thalidomide. However, such a high dose was unacceptable in our
patients due to toxicity.

Plasma concentration

Mean daily dose (mg/day)

Total dose (g) Duration (months)

Adverse event No(.np_até::-; ts (mg/L)*
Mean (range) P-value Median (range) P-value Median (range) P-value Median (range)  P-value
Peripheral + 34 214.0 (29.6-393.2) ns 2.2 (0.7-5.7) ns 49.7 (2.0-394.4) P < 0.001 27.5 (1-196) P < 0.001
neuropathy - 27 200.0 (76.2-378.8) 2.1 (0.4-6.0) 5.6 (0.4-96.4) 5 (1-71)
Somnolence + 48 207.9 (29.6-393.2) ns 2.2 (0.4-5.7) ns 22.7 (0.4-394.4) ns 14.5 (1-196) ns
- 13 193.1 (76.2-333.0) 2.0 (0.5-6.0) 10.6 (0.4-194.8) 8 (1-140)
Constipation + 35 204.9 (62.4-393.2) ns 2.4 (0.6-5.7) ns 39.3 (0.4-394.4) P =0.001 26 (1-196) P < 0.001
- 26 206.5 (29.6-390.8) 1.8 (0.4-6.0) 7.7 (0.4-59.8) 6 (1-75)
Skin rash + 33 204.9 (62.4-393.2) ns 1.6 (0.4-5.7) ns 23.0 (3.0-394.4) ns 17 (3-196) P =0.041
- 28 213.5 (29.6-390.8) 2.6 (0.6-6.0) 11.8 (0.4-262.3) 10 (1-113)
Dry mouth + 34 219.9 (29.6-393.2) ns 2.3 (0.4-5.7) ns 32.6 (3.8-394.4) P =0.003 22.5 (3-196) P < 0.001
- 27 200.0 (76.2-378.8) 2.1 (0.5-6.0) 11.2 (0.4-96.4) 8 (1-71)
Neutropenia + 15 206.3 (95.4-390.8) ns 1.4 (1.0-4.2) ns 28.0 (0.4-194.8) ns 14 (1-140) ns
- 46 205.8 (29.6-393.2) 2.5 (0.4-6.0) 16.0 (1.6-394.4) 13.5 (1-96)
Fever + 20 200.0 (29.6-331.6) ns 2.6 (0.5-6.0) ns 10.5 (0.4-394.4) ns 15 (1-196) ns
- 41 219.0 (62.4-393.2) 2.2 (0.4-5.1) 18.6 (0.4-208.8) 14 (1-150)

The relationship between adverse events and treatment schedule was evaluated by the Mann-Whitney test. P < 0.05 was considered to be

statistically significant. ns, not significant.

'Plasma concentrations of thalidomide were available and examined in 47 cases.
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Fig. 3. Time course change of the frequency of the primary adverse
events during thalidomide monotherapy. Somnolence, fever, and
neutropenia emerged in the first 2 weeks, and their frequency declined
over time. In contrast, the frequency of peripheral neuropathy, con-
stipation, and dry mouth increased gradually with increasing duration
of treatment, @ peripheral neuropathy; [0 dry mouth; ¥ constipation;
V somnolence; A fever; B neutropenia.

The prognostic factors for survival were then evaluated by
monovariate and multivariate analyses. In previous reports, age
and B2M were occasionally identified as significant prognostic
factors.!>!"' In the present study, however, the median age was
only 57 years. The younger age of the patients in the present
study might have had an effect on our failure to demonstrate the
prognostic significance of age. In addition, patients with renal
failure (creatinine > 3.0 g/L) who tended to show a significant
elevation of B2M level were ineligible for the present study. Thus,
B2M was also not identified as a prognostic marker. Of the fourteen
patients, 10 patients demonstrated deletion of chromosome 13.
Three out of the 10 responded well to thalidomide. Thus, patients
with chromosomal abnormality revealed a response comparable
to that of patients without this abnormality. However, those with
deletion of chromosome 13 showed a significantly shorter OS.
High serum LDH level was also a poor prognostic factor for OS
in monovariate analysis. Previous studies have indicated that an
elevated LDH level is associated with aggressive clinical course,
drug resistance, and short survival.?>?®

It is speculated that a decrease in the production of angiogenic
growth factors by myeloma and stromal cells is one of the
mechanisms of the antitumor effect of thalidomide. For this
reason, we also examined the levels of angiogenic growth factors
at 1 month after commencement of thalidomide therapy. As the
data were available for only 38 patients, they were not considered
conclusive, and were not shown above in the Results section.
However, when the analysis was conducted with only these 38
patients, the elevation of post-treatment HGF level (>0.3 ug/L)
was significantly associated with poor response to therapy
(P = 0.05) and shorter OS in univariate analysis (P = 0.01). When
multivariate analysis of OS was conducted for these 38 patients,
the post-treatment HGF level was found to be statistically
significant (hazard ratio, 3.31; 95% confidence interval, 1.22—
8.97), indicating a possible association with prognosis. In
addition, the post-treatment HGF level was also associated with
response to thalidomide. Thus, a decline in serum HGF level is
implicated in the effect of therapy and is presumably important
in improving survival. Previous reports have shown that serum
HGEF level is correlated with the efficacy of high-dose therapy in
MM patients and with their survival.?**» In addition, molecular
targeting of HGF by its specific inhibitor NK4 has been found
to induce the regression of MM cell growth in vivo via direct as
well as antiangiogenic effects.?® These results suggest that HGF
is not merely a simple tumor marker but is an essential molecule
for the pathogenesis of MM. Further investigation is needed to
elucidate the prognostic and pathophysiological significance of
HGF in MM.

Hattori et al.

As described in the Results section above, previously reported
adverse events such as somnolence, constipation, peripheral
neuropathy, and skin rash®> were observed frequently in the
present study as well. However, unexpected patterns of toxicities
were also observed. Hematological toxicities such as neutropenia,
thrombocytopenia, and lymphopenia were observed frequently,
and neutropenia was the most frequent grade 3 or 4 toxicity. Our
previous observations revealed that patients with reduced bone
marrow function deteriorated by previous treatment or a heavy
tumor burden are at increased risk for neutropenia.®” Pulmonary
complications such as pulmonary hypertension and interstitial
pneumonia are other unexpected severe adverse events. To the
best of our knowledge, a total of three cases of pulmonary
hypertension, including the present patient, have been reported
during thalidomide treatment."***? Further accumulation of
data on the association of thalidomide with pulmonary hyper-
tension is needed. Another unexpected pattern of toxicity in our
study was the absence of DVT, which has been reported to be a
serious side effect in less than 5% of patients under thalidomide
monotherapy and in 10-20% of those under combination therapy
with dexamethasone or other chemotherapeutic agents.!43?
The reasons for this may be the relatively low dose of thalido-
mide used (median, 200 mg per day), the fact that combination
therapy with antineoplastic drugs other than dexamethasone was
avoided, and the fact that the genetic background of Japanese
patients is different from that of Western patients. For example,
to the best of our knowledge, no Japanese patient with activated
protein C resistance has ever been reported, even though this
is an important risk factor for thalidomide-induced DVT.!¥
The low frequency of DVT in Japanese patients has also been
reported previously.?)

In the present study, 11 patients were forced to reduce their
dose, and one discontinued thalidomide therapy due to peripheral
neuropathy. The duration of therapy and the total thalidomide
dose were significantly associated with the occurrence of
neuropathy (Table 5). Mileshkin et al. reported that the duration
of thalidomide treatment is more important than the cumulative
dose.®V Indeed, in the present study, 13 cases developed
neuropathy even though their cumulative dose was less than 10 g.
Importantly, in Mileshkin’s study, 75% of patients received
more than 400 mg per day of thalidomide.®? Even though the
median dose was only 200 mg per day in the present study, we
also found that the duration of thalidomide therapy played
an important role in the development of thalidomide-induced
peripheral neuropathy. Similarly, dry mouth and constipation
were also significantly associated with treatment time and total
dose. Additionally, the cumulative dose until the development of
these adverse events was not correlated with the occurrence of
dry mouth and constipation. Thus, special attention must be paid
to neurogenic adverse effects when thalidomide is used for a
long period of time, even at lower doses.

In the present study, in which a relatively low dose of thalidomide
was used, the drug was as effective as in previous reports in which
doses of over 400 mg per day were used.®"'” Chromosomal
abnormality, high CRP level, frequency of previous chemotherapy,
and possibly post-treatment HGF level were the factors associated
with a poor prognosis. Special attention should be paid to the adverse
events including hematological and pulmonary complications as
well as peripheral neuropathy in long-term users.
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