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Abstract— The urinary polyamines putrescine (PU) and spermidine (SPD) were
measured for 67 patients with lymphomas: 49 non-Hodgkin (NHL) and 18 Hodgkin’s
disease (HD). Monthly repeat measurements were obtained over an average follow-up
period of 12.5 months. For NHL, a good association was observed between polyamine
levels and the severity of the stage; the distribution of values between nodular and diffuse
forms was also significantly different. No such correlations were seen for HD. The
evolution of PU values in time has been shown to reflect disease activity for NHL.
Non-specific fluctuating PU values were found in the case of HD. In the case of 20
patients with NHL undergoing chemotherapy, comparison of polyamine levels before
and after chemotherapy allowed differentiation between the population of complete
responders to treatment and those with only partial or no response.

INTRODUCTION

THE POLYAMINES putrescine (PU) and sper-
midine (SPD) are organic polycations associated
with the crucial events governing cell multi-
plication and growth [1-6]. Tissues undergoing
rapid growth, and especially tumoral tissue, are
those which accumulate and excrete the greatest
amounts of polyamines, with PU reflecting
proliferative activity and SPD corresponding
primarily to the intensity of cell lysis, either
spontaneous or induced[7-9]. These proper-
ties have been the object of numerous studies
in experimental [10-12] and clinical oncology
[13-17], and the initial encouraging results
obtained by Russel have recently been
confirmed [18-21]. Our own experience has
led us to consider PU as a disease activity mar-
ker correlated with the initial stage which
provides information on lesion evolution in
time, and to treat SPD as a parameter
of pharmacodynamic evaluation whose
modifications under chemotherapy allow short-
term appraisal of the response to treatment.
These properties were recently discussed in a
preliminary study on lymphomas [22]. Our
promising results led us to continue our study
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in an attempt to define not only correlations
with the initial stage, but also with the his-
tological type (nodular or diffuse) and the his-
toprognostic groups proposed by Rappaport
and the research team at Stanford (personal
communication) which at the moment seems to
have obtained a wide consensus [23].

MATERIALS AND METHODS
Patients

Our study included 67 patients with lym-
phomas: 49 non-Hodgkin lymphomas (NHL)
(mean age 64.7 years limits 23-84 years) and 18
Hodgkin’s disease (HD) (mean age 34 years,
limits 8-68 years). A total of 272 urinary poly-
amine measurements were performed monthly
over an average follow-up period of 12.5 months
(limits 3-37 months).

Diagnosis was always based on histological
evidence, and the histoprognostic classification
system of Rappaport (personal communication)
was employed (see Table 1).

Evaluation of patient staging was based on
clinical investigations, including Waldeyer’s
ring, chest X-ray, bilateral lymphography,
echography and/or liver and spleen scan, bone
marrow biopsy, biological liver function tests
(gamma GT, alkaline phosphatases), and
transparietal liver biopsy or liver biopsy during
laparotomy, when doubt existed as to the
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Table 1. Histoprognostic classification of non-Hodgkin
lymphomas [The non-Hodgkin Ilymphoma pathology
classification project, National Cancer Institute. Sponsored
study of classifications of non-Hodghkin lymphomas.
Summary and description of working formulations for
clinical use. ] Natl Cancer Inst (in press)]

Small lymphocytic

Follicular, predominantly
small cleaved cells

Follicular, mixed small cleaved
or large cells

1. Low grade

Follicular, predominantly large
cells
Diffused, small cleaved cells

2. Intermediate grade
Diffused, mixed small and
large cells

Diffused, large cells

Diffused large cells,
immunoblastic

Lymphoblastic

Small non-cleaved cells (Burk-
itt or non-Burkitt)

3. High grade

presence of liver lesions. Evaluation parameters
were as follows:

Active state: unchanged or large lesions detect-
able clinically, radiologically, by a scan or by
echography.

Remission: complete: disappearance of all clini-
cal or paraclinical evidence of disease, with a
minimum follow-up period of 2 months.

partial: persistence of residual lesions with the
remaining tumor less than or equal to 50%
of the initial involvement.

Appraisal of the efficacy of chemotherapy
was based on clinical or paraclinical examina-
tions after a minimum follow-up period of 2
months after treatment completion.

Complete response: obtention of complete
remission.

Partial response: obtention of partial remission.

No response: persistence of active state.

The following chemotherapy protocols were
employed:
HD: MOPP [24]

NHL: main protocol (polychemotherapy): day
1, adriamycin, 40 mg/m? day 2, VMZ26,
40 mg/m?, bleomycin, 10 mg/m?; days 3 and 4,
cyclophosphamide, 400 mg/m? with pred-

nisone; vindesine,

2 mg/m®.

monochemotherapy:

Polyamine analysis

An automatic amino acid analyser (LIQUI-
MAT III, Kontron) was used for polyamine
analysis as previously described by Milano et al.
[25]. The procedure involved continuous
fluorescent detection of the chromotographed
amines by u.v. detection of the o-phthalalde-
hyde derivatives. Reproducibility was evaluated
by repeat analysis of a pooled urine sample; the
coefficient of variation for intra-assay
reproducibility was 2.8% for PU and 0.8% for
SPD. Interassay reproducibility was 4.5% for
PU and 5.0% for SPD.

Polyamines were measured in 24-hr urine
samples. The samples were stored at 4°C be-
tween each collection. An aliquot of each sam-
ple was stored at —20°C until analysis. In ad-
dition, for 20 patients with lymphosarcomas,
putrescine (P) and spermidine (S) concen-
trations were determined 24 hr before (P1, S1)
and after completion of a course of chemo-
therapy (P2, §2).

A control group of 22 healthy adults was
used to set the upper measurement limits
(mean*28S8.D.): PU, 2.00 ug/mg creat.; SPD,
1.60 ng/mg creat. Comparison of distributions
for men and women (ug/mg creat.) did not
reveal any significant differences: men (14): PU,
1.24+0.42; SPD, 1.00=0.37; women (8): PU,
1.31+0.32; SPD, 0.90 +0.16.

RESULTS

Table 2 gives the distribution of median and
extreme urinary PU and SPD values for the
NHL population. As a function of the staging,
the distributions of the values for stages I and
IT can be seen to differ significantly from those
for stages III and IV, both for PU and SPD.
The histological notion of nodular or diffuse
disease is also accompanied by significantly
different distributions for PU and SPD:
whereas nodular disease is associated with low
PU and SPD values comparable to those of
healthy individuals, diffuse disease is accom-
panied by pathological PU and SPD levels.
Likewise, the median polyamine values follow
the increasing grades of the histoprognostic
groups defined by Rappaport (personal com-
munication).

As concerns Hodgkin’s disease, Table 3
shows that polyamines are less useful for the
definition of the severity of the stage. In con-
trast, a good correlation exists between SPD
levels and the absence (group A) or the
presence (group B) of general clinical signs.
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Table 2. Distribution of values for urinary putrescine and spermidine in non- Hodghkin lymphomas

Histology Histoprognostic group

N(n = 10) D(n =23)

I(n = 9) II(n = 10) I1I(n = 16)

Staging

I, Il{(n =9) III, IV(n =22)

Lower limit 1.05 1.40

Putrescine Median 1.55 * 3.75
(ug/mg creat.)  Upper limit 3.10 10.80
Lower limit 0.60 0.70

Spermidine Median 115 * 3.10
(ng/mg creat.) Upper limit 1.70 20.60

1.15 1.05
190 = 3.35
4.80 10.80
0.55 0.75
1.35  * 2.75
5.10 20.60

1.35
1.72
4.25

0.60
1.38
3.70

1.05

t 3845

6.40

0.65

* 230

5.50

T

1.30
3.10
10.80

0.95
3.15
20.60

*The two adjacent groups of patients are significantly different, with a threshold of P <0.05 (Student’s t-test).
+The two adjacent groups of patients are not significantly different, with a threshold of P <0.05. n, Number of cases; N,

nodular disease; D, diffuse disease.

Table 3. Distribution of values for urinary pulrescine and spermidine in patients with

Hodgkin’s disease

Staging A B
LII(n =5) III, IV(n = 8) (n=5) (n=6)
Lower limit 0.78 1.03 0.78 1.03
Putrescine Median 1.43 t 1.50 1.24 1.73
(ug/mg creat)  Upper limit 1.91 3.95 1.91 7.09
Lower limit 0.39 0.88 0.39 1.14
Spermidine Median 1.12 t 2.00 0.88 2.45
(ng/mg creat.)  Upper limit 1.80 3.90 1.12 4.53

*The two adjacent groups of patients are significantly different, with a threshold of P <0.05

(Students’s t-test).

1The two adjacent groups of patients are not significantly different, with a threshold of P <0.05.
n, Number of cases; A, presence of general signs (intermittent fever, night sweats); B, absence of

general signs.

The evolution of urinary PU values in time
as a function of disease activity during NHL is
illustrated in Table 4. Patients 1-3, whose dis-
ease always remained active, exhibited high PU
values, indicative of the presence of lesions
which were not responding to treatment. For
patients 4-9, passage from the active stage to
remission was accompanied by a significant
drop in urinary PU levels. Moreover, in the
case of relapse, the PU levels systematically rose
back up to pathological values. Use of poly-
amines to follow up patients with HD was
found less satisfactory since the values fluctu-
ated independent of disease activity.

In the case of 20 patients with NHL under-
going chemotherapy, the polyamines putres-
cine (P) and spermidine (S) were measured
24 hr before the start (P1, S1) and after com-
pletion of treatment (P2, §2). The ratio S2/P2 :
S1/P1, described previously [20], was employed

to take the respective variations of each poly-
amine into account. In theory, in the case of a
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Fig. 1. Distribution of the ratio S2/P2:S1/P1 as a function of the
type of response to chemotherapy for patients with HNL (horizontal
line = median).
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favorable response and thus tumor lysis, S2 is
greater than S1 and P2 is lower than, or un-
changed with respect to, Pl. The S$2/P2
S1/P1 ratio is thus high. The opposite is true
when there is no response. Figure 1 represents
the respective distributions of this ratio for the
three response categories we defined. Except
for a single value, there was no cross-over be-
tween the population of complete responders
and those with a partial or no response.

DISCUSSION

In an initial report on malignant lymphomas
[22], we showed that there was a good cor-
relation between polyamine levels and the
severity of the evolutionary stage of the disease.
In the present, more complete study, we have
confirmed our previous results and completed
our investigations by showing that there is a
close correlation between the low initial urinary
levels for NHL patients with histologically
nodular disease and the abnormally high levels
found for diffuse disease. Since the evolution
of nodular NHL is better than that for diffuse

NHL, the prognostic value of polyamines is
evident. This would justify the obtention of
polyamine measurements as part of pretherapy
work-ups.

During the follow-up of NHL patients, PU
excretion appears to be a faithful indicator of
disease evolution. Whereas low values at the
limit of the normal range (less than 2.00 ug/mg
creat.) were found only for patients in remis-
sion, pathological values were associated with
an active initial stage and with relapses. This
observation concurs with the recent conclusions
by Uehara et al. [26] concerning repeat
measurements of erythrocytic spermidine and
spermine in patients with malignant lym-
phomas. The evolutionary pattern for HD
generally differs from that for NHL: whereas
the host/tumor relationship and marked im-
munodeficiency in HD appear to play an im-
portant role in the final outcome [27], the
major risk in NHL is often lesion evolution.
Observation of dispersed polyamine values
during HD evolution is thus not surprising.

Finally, this study confirms the results of our

Table 4. Variations in urinary putrescine levels (ug/mg creat.) during follow-up of NHL patients

Case No./ Stage/ Foliow-up Active Treatment
age/sex histology period I  disease Chem. Rx Remission Relapse
1 v 22/9/78 1 2.20 + +
79 yr 7/2/79 4.52 +
M Diffuse 3.66 +
2.97 +
2.50 +
2 v 30/10/78 2 5.65 +
46 yr 16/7/79 5.70 +
M Diffuse 4.25 +
3.90 +
3 v 21/8/78 3 2.36 + +
62 yr 26/9/80 2.04 +
F Diffuse 3.65 +
3.50 +
2.40 +
2.75 +
2.90 +
4 III 13/3/78 2.41 +
84 yr 15/9/78 0.70
F Diffuse 1.45
1.47
0.56
2.40
5 I1 9/2/79 1 2.88 + +
57 yr 19/4/79 + 1.20
M Diffuse + 1.96
+
+ 3.44
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Table 4. (Contd.)

Case No./ Stage/ Follow-up Active Treatment
age/sex histology period disease Chem. Rx Remission Relapse
6 111 23/7/79 4.00 +
65 yr 15/2/80 + 1.85
F Nodular + 2.93
+ 1.86
+ 2.86
+ 3.49
4.12
7 v 3/10/80 + 1.65
65 yr 20/3/81 + 1.10
M Diffuse + 1.54
2.53
8 111 30/10/78 2.07
64 yr 5/6/81 + + 1.76
F Nodular + 2.22
+ 2.20
+ 2.05
+ 1.85
2.92
9 III 25/4/76 2.31 +  +
65 yr 28/12/78 + 2.49
F Diffuse + 2.74
+ 2.71
+ 2.60
+ 5.33
+ 3.85
+ 4.71
Total mean 3.62 * 1.84* 3.66
S.D. 0.31 0.65 0.27

I, Time interval between determinations (in months); Chem, chemotherapy; Rx; radiotherapy.
*Significantly different at a level of P <0.05 (Student'’s t-test).
For definitions of active disease, remission and relapse see Materials and Methods.

previous work on the pharmacodynamic pro-
perties of polyamines, as illustrated in Fig. 1.
Other teams have recently reported similar
results [21, 28] and the original hypothesis of
Russel [29] thus appears to fulfill its promises
during practical applications. In our opinion,

this last characteristic of polyamines represents
the most interesting feature due to the time it
can save the oncologist and the increased
benefits for patients as the result of rapid
adoption of an effective therapy program.
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