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Abstract
BACKGROUND: Evidence of increased bone marrow vascularity in multiple myeloma (MM) has led to the use of

anti-angiogenic drugs especially thalidomide in relapsed or refractory patients. Currently, parameters such as serum/

urine electrophoresis for M (monoclonal) proteins, bone marrow biopsy with touch preparation and b2 microglobulin

are routinely used to assess response to therapy. These investigations are expensive, invasive and require high

technical setup. AIM: To correlate simple and routine hematological and biochemical parameters with the key marker

of disease i.e. M proteins. SETTINGS AND DESIGN: This is an open label, uncontrolled, single-arm study.

MATERIALS AND METHODS: Twenty nine refractory or relapsed multiple myeloma patients of both sexes (M=20,

F=9) with age ranging between 35-72 years were initiated on 200 mg/day of thalidomide with fortnightly increments

of 200 mg to a maximum tolerated dose not exceeding 800 mg/day. All hematological and biochemical parameters

were monitored at monthly intervals for one year. STATISTICAL ANALYSIS: Correlation analysis was performed

between hemoglobin (Hb), total leukocyte count (TLC), absolute neutrophil count (ANC), platelet count (PC), total

proteins (TP), serum albumin and serum globulin on one hand and M protein levels on the other using Pearsons

Correlation test by SPSS version 7.5. RESULT: Hb, TLC, ANC, PC and serum albumin levels showed a significant

negative correlation with M proteins. A highly significant positive correlation existed between M proteins on one

hand and TP and globulin levels on the other. Dryness of skin indicated positive response to therapy. These

correlations were found to be significant at the end of one month of therapy in all the above-mentioned parameters

except in TLC where it was significant after 2 months of thalidomide therapy. CONCLUSION: Results suggest that

sustained efficacy of thalidomide therapy may be amenable to monitoring by these simple, inexpensive and easily

available investigations after ascertaining an initial response by M protein and marrow plasmacytosis as these

parameters closely follow M protein levels. However more studies are required to further substantiate these findings.
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Introduction

Multiple myeloma is a part of a broad spectrum of
plasma cell disorders, which include monoclonal
gammopathy of undetermined significance (MGUS),

smoldering multiple myeloma (SMM) and solitary
plasmacytoma. It accounts for 1% of all malignancies &
10% of malignant hematological neoplasms.[1,2] It is
characterized by the presence of a monoclonal (M)
protein in serum or urine, osteolytic bone lesions,
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increased plasma cells in bone marrow, anemia and
hypercalcemia.[1] With identification of angiogenesis as a
key pathophysiological process important in growth,
local invasiveness and metastases of malignant tumors
the use of anti-angiogenic agents has gained
importance.[3] Increased angiogenesis has also been
demonstrated in MM.[4,5] The use of anti-angiogenic
agent thalidomide in the treatment of relapsed/refractory
MM has shown a high overall response rate in the
range of 25-64% in different trials.[6-14] This agent after
almost a gap of 20 years has emerged as an effective
new modality of MM treatment with minimal adverse
effects.

Bone marrow suppression, as compared to conventional
cytotoxic drugs, has not been observed with
thalidomide due to its different mechanism of action. In
assessment of response to conventional therapy various
parameters such as serum/urine electrophoreses, bone
marrow biopsy with touch preparation and b

2

microglobulin are used. Most of these investigations are
costly, invasive and require high technical set up.
Hematological and biochemical profile of the patients is
done as a part of routine investigations along with the
above investigations. We attempted to correlate these
hematological and biochemical parameters with M
proteins so as to find simple, easily available and cheap
alternative parameters for monitoring response to
thalidomide therapy. These parameters are part of
routine investigations being carried out even at
peripheral centers. Secondly, their use for monitoring
response will decrease the frequency of currently used
expensive investigations. However, these assessment
criteria are useful only in context of new anti-angiogenic
modalities with minimal side effect profile like
thalidomide and not for conventional chemotherapy.

Material and Methods

Twenty nine multiple myeloma patients of both sexes
(M=20, F=9) with age ranging between 35-72 years
were enrolled in the open-labeled, single-arm study after
taking approval from Institute Ethics Committee.
Thalidomide was supplied (ThalidomidTM 100) as 100
mg tablets by Grunenthal GmbH, Germany on an
individual patient basis. An informed consent (according
to WHO guidelines and in accordance with the format
provided by Grunenthal laboratory, Germany) was
obtained from the patients before initiating therapy.

Inclusion criteria included patients with refractory (non-
responders to chemotherapy) relapsed (initial responders
to chemotherapy but subsequent progressive disease)
multiple myeloma. Patients with liver enzyme levels

more than twice the upper limit of normal (SGOT and
SGPT >100 IU) at time of inclusion or patients on
thalidomide therapy prior to the trial or with any co-
existing life threatening condition were excluded from
the trial.

Pregnancy test was done in all females in reproductive
age group before starting therapy and also patients were
advised to use double contraceptive measures during the
course of treatment.

Hemogram, blood chemistry, serum or urine M protein
levels, bone marrow biopsy and touch preparation and
skeletal survey with clinical assessment were done at the
start of trial. Thereafter hemogram, blood chemistry, M
protein levels and clinical assessment were done at
monthly intervals whereas bone marrow biopsy and
skeletal X-rays were done at 3 monthly intervals.

Dosage schedule for thalidomide as described by
Singhal et al was followed[7] and the patients were
initiated on 200 mg/day of thalidomide with fortnightly
increments of 200 mg to a maximum tolerated dose
not exceeding 800 mg/day. Patients were assessed for 12
months of therapy. The median duration of daily
thalidomide administration was 8 months.

Statistical analysis
Pearsons Correlation Analysis was used for analyzing
results for statistical significance by SPSS version 7.5.

Results

A total of 29 patients were included in the present trial.
Information and follow-up was available on 26 patients.
Of the 26 patients enrolled in the trial 17 had relapsed
after conventional chemotherapy (15 patients had > 1
regimen of chemotherapy, 7 patients were enrolled into
the trial post peripheral blood stem cell transplant) and
9 patients were refractory to conventional chemotherapy.
On an average 7 months had elapsed between start of
thalidomide and the last cytotoxic therapy (range is 4-
12 months). In none of the patients was thalidomide
administered as maintenance therapy. The median
duration for which thalidomide was administered was 8
months and 600 mg/day was the most common
maximum tolerated dose by the patients.

Baseline investigations of the patients are given in Table
1. Patients were closely monitored over a period of 1
year. The patients reported subjective improvement in
their general condition within 6 weeks - 2 months of
therapy. Response criteria were used according to
guidelines of the  EBMT/IBMTR (European/
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International Bone Marrow Transplantation Registry).[15]

Out of 26 patients included in the analysis, 16 patients
(61.53%) showed positive response to therapy
characterized by at least 25-50% decline in serum and/
or urine M proteins. Response to treatment is given in
Table 2.

The most common adverse effects reported in the trial
were constipation and sedation with an incidence of
100% and 88% respectively. Both adverse effects were
noticed at 200 mg/day dose level and were not dose
dependent. No increase in severity was seen with in
dose of thalidomide. Other important side effects
reported were ankle edema, dry skin and peripheral
neuropathy. Detailed side effect profile observed in the

trial is given in Table 3. Out of 26 patients 16 had
generalised dryness of skin more marked on the
extremities and in some of these patients dryness was
severe enough to cause discomfort and/or mild itching.
On correlation with M proteins all these patients
showed positive response to thalidomide. Ten patients
(6 with stable and 4 with progressive disease) did not
suffer this feature. In one patient loss of dryness of skin
was the initial feature at conversion from stable to
progressive disease. It was also observed that the loss of
skin dryness was associated with loss of response.
However the study was not statistically powered to find
any significant correlation between dryness of skin and
response to thalidomide. Peripheral neuropathy was
reported in 1 patient after 10 months and in 5 after 1
year of daily thalidomide administration. All the patients
reporting peripheral neuropathy had received a total
dose of more than 200 g. Four patients were on 800
mg/day and 2 were on 600 mg/day dose.

All hematological parameters improved during the
course of therapy especially Hb, TLC and PC. None
of the patients showing response to thalidomide
received any hematological support during the trial
duration in the form of blood transfusion and/or
erythropoitin administration. These parameters at
monthly intervals were correlated with M protein levels
using Pearsons correlation (a parametric test), a
significant correlation was found between M proteins
and hematological parameters. The results showed a
highly significant negative correlation between M
protein levels on one hand and Hb (r= -0.407,

Table 1: Baseline parameters of the patients
Parameter Median Range

Hemoglobin (g/dl) 10.9 8-14.1

TLC (103/cmm) 5450 1700-12600

Platelets (103/cumm) 178 (63-346)x103

ESR (mm/hr) 47.5 (10-110) mm

Creatinine (mg%) 1.1 0.5-1.7

Calcium (mg%) 9.7 (8.2-11.9)

Uric acid (mg%) 4.85 2.5-8.4

S. proteins (g/dl) 7.95 6.6-10.5

Albumin (g/dl) 4.25 3.3-5.1

S. globulin (g/dl) 3.55 2-7.1

Alk. Phosphatase (IU/ml) 151 70-928

SGOT (U/ml) 27.5 13-77

SGPT (U/ml) 19 6-88

ANC (103/cmm) 3.25 1-9.4

M proteins (g/dl) 1.65 0.9-3.6

Marrow plasma cells 25-30% 2-65%

Table 2: Response15 of patients to daily
thalidomide therapy (n=26)
Response No. of patients %

CR* (Complete Response) 12 46.15

PR† (Partial Response) 2 7.69

MR†† (Minimal Response) 2 7.69

Stable disease§ 6 23.77

Progressive disease|| 4 15.38

*no M component in serum and urine electrophoresis and bone
marrow plasmacytosis < 5-10% and if this response lasted for a
minimal of 24 weeks.
†50% reduction in the amount of M protein and/or bone marrow
plasmacytosis and the results were reproducible after 4 weeks.
††25-50% reduction in the amount of M protein and/or bone marrow
plasmacytosis in 2 readings taken 4 weeks apart.
§<25%regression or progression of disease.
||occurrence of new lytic lesion or more than 25% increase in M
proteins and/or bone marrow plasmacytosis.

Table 3: Incidence of adverse drug reactions
observed at different doses of thalidomide (n=26)
Adverse effect Dose/day

200mg 400mg 600mg 800mg Total

Constipation 20 5 - 1 26

Sedation 21 1 - 1 23

Ankle swelling 8 3 6 1 18

Dry skin 5 5 6 2 18

Dry mouth 4 1 7 6 18

Intercurrent infections 2 - 7 8 17

Generalized weakness - 1 9 4 14

Headache 2 1 1 4 8

Nausea and vomiting 4 - 1 1 6

Pruritis - 1 2 3 6

Skin eruptions - 1 - 3 4

Non-specific dermatitis 2 1 1 1 5

Heart burn 3 1 1 1 6

Tremors 1 - 1 1 3

Peripheral neuropathy - - 3 3 6
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P<0.001), platelet count (r= -0.334, P<0.001), TLC
(r= -0.180, P<0.009) and ANC (r=-0.225,
P<0.002) on the other hand (Table 4 and 5). These
parameters improved as the M protein levels decreased
in thalidomide recipients. The correlation was
significant as early as the end of one month in case of
the above parameters except TLC with which the
correlation was significant at the end of two months
of therapy.

Pearson’s two-tailed correlation test showed a significant
negative correlation between albumin levels (r= -0.408,
P<0.001) and M proteins. A highly significant positive
correlation existed between M proteins and globulin
levels (r=0.555, P<0.001), and M proteins and serum
total proteins (T.P) (r= 0.407, P<0.001). (Table 5).
Thus, an increase in globulin levels reflected progression
in M protein levels whereas an increase in albumin
levels related to a decline in M proteins. These
correlations were found to be significant at the end of 1
month of therapy in all the above-mentioned
biochemical parameters.

Discussion

Thalidomide has shown remarkable response in patients
of refractory or relapsed MM. Many studies done till
date have proven its efficacy as a single oral agent in
treatment of relapsed/refractory MM cases.[7-15] The high
response rate observed in this study clearly indicates
that thalidomide or its congeners are an important tool
in the therapy of MM. The high response rate may be
related to the higher dose of thalidomide administered
for a longer duration (minimum 6-months daily
administration) or it could be a manifestation of the
limited sample size of the study. Hb, TLC, ANC, PC,
T.P, serum albumin and serum globulin levels all
showed an improving trend within 2 months of start of
thalidomide. As no hematological support was
administered to any patient showing response during
trial, thus it could be concluded that the improvement
in these parameters was related to response to
thalidomide therapy. Therefore we attempted to
correlate these simple parameters with M proteins. This
was done so that the simple hematological, biochemical,
and clinical parameters can be substituted in place of M
protein to evaluate response to thalidomide. These
investigations are easily available, cheaper and less time
consuming than serum or urine electrophoresis.

A very significant negative correlation was found
between M proteins and hematological parameters such
as Hb, TLC, ANC and PC (P<0.01). This correlation
was found to be significant after 1 month in all except
TLC (significant correlation after 2 months of therapy).

Similarly, a significant negative correlation between
albumin and M proteins, a positive correlation between

Table 4: Mean (range) values of the laboratory parameters observed at different time points
Time Hb PC (X TLC (X ANC (X TP Albumin Globulin m protein
(mo) (g/dl) 103/mm3) 103/mm3) 103/mm3) (g/dl) (g/dl) (g/dl) (g/dl)

0 10.71 (8-14.1) 184 (70-346) 5.6 (1.7-12.6) 3.4 (1-9.4) 8.2 (6.6-10.5) 4.2 (3.4-5.1) 4 (2-7.1) 2.09 (0.9-4.3)

1 10.96 (7.3–14.8) 201 (82-490) 6.4 (3-11) 3.8 (1.8-6.7) 7.8 (5.9-11) 4 (3.1-4.8) 3.8 (2.3-7.8) 1.71 (0-3.5)

2 11.13 (7.7-15.7) 195 (63-362) 6.8 (1.5-25) 3.4 (0.7-8) 7.6 (6.2-10.4) 3.9 (2.6-4.5) 3.7 (1.8-7.6) 1.49 (0-3.5)

3 11.15 (8.2-13.7) 206 (60-370) 4.8 (1.1-9.1) 3.1 (1.0-7.5) 7.7 (4.9-9.7) 4.0 (2.8-5.4) 3.7 (1.8-6.9) 1.21 (0-3.1)

4 11.07 (8.2-13.8) 219 (79-415) 5.0 (2-13.3) 3.0 (1.1-9.2) 7.9 (4.9-10.5) 3.8 (2.9-4.7) 4 (1.8-7.2) 1.24 (0-3.0)

5 11.54 (6.6-14.6) 227 (78-399) 4.8 (2.6-8.8) 2.7 (1.5-5) 8.0 (5.1-10.7) 3.9 (2.6-4.9) 4.1 (2-6.4) 1.18 (0-3.0)

6 12.15 (9-15.5) 201 (93-469) 5.3 (1.8-10.5) 3.1 (1.0-7.3) 7.4 (3.9-9.6) 3.7 (3-4.9) 3.7 (1.5-6.6) 0.87 (0-2.4)

7 11.95 (9.5-14.6) 200 (51-403) 4.7 (2.3-9.9) 2.7 (0.8-6) 7.6 (6.1-8.8) 3.9 (1.9-4.6) 3.7 (2.8-5.2) 0.89 (1.2-2.4)

8 11.95 (8.7-15.7) 176 (95-336) 5.2 (2.3-9.9) 3.3 (1.1-7.1) 7.7 (7.1-9.5) 4.1 (3-4.7) 3.6 (2.8-5.8) 0.93 (0-2.0)

9 12.42 (9.7-16.4) 190 (61-373) 5.3 (2.4-10.7) 3.3 (1.3-7) 7.8 (6.9-8.7) 4.2 (3.8-4.8) 3.6 (2.3-4.8) 1.15 (0-3.2)

10 12.32 (10.3–16.4) 178 (100-264) 4.8 (2.3-8.0) 3.0 (1.0-5.2) 7.7 (7.1-8.3) 4.2 (3.5-5.1) 3.5 (2.5-4.8) 0.86 (0-2.1)

11 12.17 (9.3-16.4) 165 (80-347) 4.6 (2.4–9.9) 2.9 (0.9-6.5) 7.8 (7.0-8.5) 4.2 (3.6-4.8) 3.6 (2.9-4.3) 1.11 (0-2.9)

12 12.07 (10.3-14.7) 185 (68-462) 4.0 (2.4-6.4) 2.5 (1.1-4.6) 7.6 (7.2-8.0) 3.8 (3.5-4.5) 3.5 (2.8-3.8) 0.64 (0-1.9)

Table 5: Correlation between ‘M’ proteins and
hematological parameters
Pearson’s correlation r* p†

‘M’ proteins vs. Hb  -.407  0.001

‘M’ proteins vs. platelet count  -.334  0.001

‘M’ protein vs. TLC  -.180  0.009

‘M’ protein vs. ANC  -.225  0.002

Total protein  -.407  0.001

Albumin  -.408  0.001

Globulin  .555  0.001

*-regression coefficient; †-probability
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total proteins and M proteins and globulin and M
proteins has been seen. Thus a corresponding increase
in total proteins and globulin levels and a decline in
albumin levels reflect an increase in M proteins. Thus it
can be suggested that the sustained efficacy of
thalidomide therapy can be monitored by these simple
parameters along with clinical assessment instead of
repeated serum/urine electrophoresis. It is suggested that
initially the response to drugs like thalidomide should
be ascertained through M protein levels, marrow
plasmacytosis and clinical examination and thereafter
these simple parameters should be considered for the
assessment of sustained efficacy of non-cytotoxic
treatment modalities such as thalidomide. Also
important is the fact that these simpler investigations
are routinely done, even at peripheral hospitals, thus
task of monitoring the patients can be made simpler,
easier and cheaper. This information is of importance in
the current Indian context where the sophisticated
instrumentation required for repetitive high resolution
serum and urine electrophoresis is not available at all
centers. However simple hematological and biochemical
parameters can be evaluated even at peripheral centers.
Thus these simple parameters can help us monitor the
disease process.

The cost of doing repetitive high resolution
electrophoresis of serum along with densitometry, high
resolution electrophoresis of urine and immunofixation
in our institute is roughly around Rs. 1000. Whereas
the cost of Complete Blood Count along with Total
protein, serum albumin and globulin on an average is
Rs. 100. Hence our proposed parameters are 10 times
more cost effective than repetitive M protein
measurements.

However more studies with larger sample size are
required to validate these findings. It also needs to be
kept in mind that changes in these simple hematological
and biochemical parameters are associated with various
conditions like infection, fever, etc. However when
looked at in the background of multiple myeloma, these
changes are strongly associated with the disease itself.
Moreover changes observed due to other conditions
would not persist for this long duration. Also other
conditions would be associated with their own signs
and symptoms.

Thus we propose that in the changing scenario of

treatment modalities for MM, simple parameters must
be considered carefully to assess their status as markers
for response to anti-angiogenic therapies especially
thalidomide as these may prove to be sensitive end
points for response to therapy.
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