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Abstract

Tumour expression of the macrophage colony stimulating factor (CSF-1or
MCSF) has been associated with an adverse prognosis in breast cancer, through
an effect on the promotion of metastasis. The aim of the present study was to
evaluate the clinical relevance of high circulating CSF-1levels in patients with
newly diagnosed breast tumours and correlate CSF-1 with clinico-pathological
parameters. A secondary aim was to also measure CSF-1in patients with other
tumour types and at different stages of disease. Using a commercially available
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ELISA, pre-treatment plasma levels of CSF-1were assessed, in 471 consecutive
patients diagnosed with breast tumours, in 70 patients with newly diagnosed
cancer of the head & neck, in 32 men with prostate cancer metastatic to bone
and in 39 women with advanced metastatic breast cancer. Mean CSF-1 levels
were significantly higher in patients with locally advanced (p < .015) or
metastatic breast tumours (p < .048) and in a group of primary breast cancer
patients (n = 26) selected for intensive chemotherapy because of multiple
adverse tumour characteristics (p < .0002). Mean CSF-1was also higher in
patients younger than 35 years (p < .02) and in post-menopausal patients (p <
.03). There was no significant association with tumour histologic type, grade, or
other individual histopathologic parameters. No significant association was
found between pre-treatment CSF-1and overall/relapse free survival. Median
CSF-1levels were dramatically higher in patients with newly diagnosed tumours
of the head & neck (604 pg/ml), in men with prostate cancer metastatic to bone
(627 pg/ml) and women with advanced metastatic breast cancer (867 pg/mi)
than those seen in patients with newly diagnosed breast tumours (334 pg/ml).
Our data support the hypothesis that CSF-1may play a functional role in tumour
progression to metastasis as has previously been reported in animal models.

Full text

INTRODUCTION

Colony stimulating factor is a polypeptide growth factor which regulates the
survival, proliferation and differentiation of mononuclear phagocytes [1].
Synthesized by many different cell types including fibroblasts, bone marrow
stromal cells, lymphocytes and activated macrophages, CSF-1acts through a
high affinity tyrosine kinase receptor encoded by the c-fms proto-oncogene [2],
exerting chemotactic effects on precursors of the myeloid lineage, and
committing their differentiation into macrophages whilst suppressing dendritic
cell differentiation and function [3].

Aside from physiologic production, CSF-1, with or without its receptor c-fms, is
also expressed by a variety of human neoplasms including breast [4-6, 9],
ovarian [7-10] and endometrial carcinomas [10-12]. Tumours containing a high
percentage of CSF-1expressing cells have been shown to be extensively
infiltrated by macrophages, to be clinically aggressive and to be strongly
associated with an adverse prognosis [13-16]. Immunohistochemical studies of
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breast cancer specimens have shown CSF-1expression to be higher in invasive
as opposed to pre-invasive lesions, suggesting arole for CSF-1in tumour
progression [13]. Moreover, in a pre-clinical mouse mammary tumour model,
CSF-1was demonstrated to act as a promoter of progression to the late stages
of carcinoma and the development of metastases, an effect possibly mediated
through matrix degrading proteinases produced by the macrophage infiltrate
[17].

The aim of this study was to measure circulating CSF-1in patients with pre-
invasive and invasive breast tumours and to correlate plasma concentrations of
CSF-1with clinico-pathologic parameters. A secondary aim was to evaluate the
prognostic value of pre-treatment plasma concentrations of CSF-1. Finally, a
corroborative study was undertaken to assess circulating CSF-1levels in
patients with other tumour types and at differing stages of tumour progression.

METHODS
Patients

Clinical information and plasma samples were collected prospectively from 471
consecutive, unselected women with pre-invasive and invasive breast
carcinoma diagnosed and treated at the Institut Curie, France between
December 1994 and January 1996. Clinico-pathologic data including surgical
stage, tumour grade and histologic features were extracted from hospital
records while additional epidemiological data including age and menopausal
status were also compiled for each patient. Mean and median age of the cohort
was 54 years (range 23-85). Twenty-three (5%) were less than 35 years old and
207 (44%) were pre-menopausal.

Clinical management

The diagnosis of breast pathology was established in all cases by tissue biopsy.
Tumour classification and staging were in accordance with the International
Union Against Cancer tumour-node-metastasis (UICC-TNM) classification.
Treatment was administered according to the breast cancer treatment protocol
of the host institute. Initial treatment in 315 patients was surgery, 133 received
neo-adjuvant chemotherapy prior to surgery and the remaining 23 primary
radiotherapy. Twenty-six patients with tumours possessing multiple adverse
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histologic features (T2 or greater, rapidly proliferative, oestrogen receptor
negative) were recruited to a trial of intensive neoadjuvant chemotherapy. Al
patients with invasive tumours received further treatment, including hormone
therapy, according to institutional protocol.

Tumour characteristics

Tumour was pre-invasive in 26 cases (5.5%) and these patients were used as
controls, T1in 156 (331%), T2in 190 (40.3%), T3in 66 (14%) and T4 in 27 (5.7%).
Of those who had nodal status assessed, 208 (67%) had node negative disease
and 99 (33%) node positive. Twenty-seven (5.5%) patients had biopsy proven
metastatic disease upon first presentation. Three hundred and twenty-eight
patients (69.6%) had oestrogen receptor positive tumours. Histological type in
369 cases (78.3%) was infiltrating ductal carcinoma, in a further 51 (11%) it was
infiltrating lobular carcinoma. Tumour grade, as assessed according to the
criteria of Scarff Bloom and Richardson was 1in 18%, Il in 48% and Ill in 22%. It
was not assessed in 12% of cases. Table 1 gives an overview of patient and
tumour characteristics and initial treatment modality.

Follow up

After primary and adjuvant treatment, patients were followed by means of
routine check-up at the Institut Curie. Radiographic studies were performed
only where clinically indicated. Recurrences were defined as the first
documented evidence of new disease manifestations in the loco-regional area,
in the contra-lateral breast, at distant sites or in a combination of these areas.
The RFS and the OS were calculated as the time from diagnosis to the date of
first recurrence or death. The follow-up time for patients without documented
recurrences or death was calculated as the time from diagnosis to the last
clinical examination (last follow-up date October 2000). Patients lost to follow-
up were defined as those who had not attended for review within 12 months and
for whom no further follow-up data could be obtained.

Plasma CSF-1assay

Ten millilitres of peripheral venous blood were taken from patients prior to
initiation of treatment as part of routine haematological analysis. Blood was
collected into a potassium EDTA tube, centrifuged at 1,500 rpm for 15 min, and
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stored at - 80° C until examination. For the measurement of plasma CSF-1, a
commercially available ELISA kit was used (Quantikine Human M-CSF
Immunoassay; R&D Systems, Minneapolis, MN). Duplicate samples were
assessed for each patient. The manufacturer claims a sensitivity of < 9 pg/ml
and intra-assay variability of 3.4% at a M-CSF concentration of 227 pg/ml.
Immunoassays were performed following the manufacturers guidelines. The
assay does not exhibit cross-reactivity with a series of cytokines and growth
factors.

Statistical analysis

Because of the skewed distribution of plasma concentrations of CSF-1, median
and range of plasma concentrations are given. Comparative statistical tests
were by chi-squared analysis, as well as by non-parametric testing using BMDP
software. Correction for small numbers was by likelihood ratio test and for non-
parametric tests by Kruskall-Wallis. Survival data were determined by Mantel-
Cox analysis. The results were analysed for the end point of disease free and
overall survival. Patients lost to follow up remained in the final analysis and were
censored on the date of the last visit to the clinic or on the last date seen by a
corresponding physician outside the institute.

CSF-1in other tumour types and stages

In a bid to corroborate the initial study findings, circulating plasma CSF-1 levels
were further assessed in a series of 70 consecutive patients with newly
diagnosed squamous tumours of the head & neck, 32 ambulant men with
prostate carcinoma metastatic to bone and a cohort of 39 women with
advanced, metastatic breast tumours requiring hospital admission for symptom
control.

RESULTS

Plasma concentrations of CSF-1in patients with newly diagnosed breast
tumours

A broad range of circulating CSF-1 levels were found, ranging from 33 to 2,564
pg/ml with median and mean values at 334 pg/mland 394.1 pg/ml respectively.
Figure 1 depicts the distribution of CSF-1values obtained. Overall, the median
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CSF-1value in patients with invasive cancer (334 pg/ml) was not significantly
higher than that in the control patients with pre-invasive disease (310 pg/ml) or
in previously reported healthy controls (364 = 69 pg/ml) [18]. Statistically
significant associations were seen between CSF-1and age less than 35 years
(Kruskall-Wallis, p < .02) and post-menopausal status (Kruskall-Wallis, p < .02).

Correlation of plasma concentrations of CSF-1with tumour stage and
pathological characteristics

When plasma concentrations of CSF-1were grouped by tumour stage, a
significant association was observed between circulating CSF-1and locally
advanced or inflammatory primary tumours (T1 versus T2 versus T3 versus T4,
Kruskall-Wallis, p < .015) and also between CSF-1and the presence of metastatic
disease at diagnosis (Kruskall-Wallis, p < .048). No significant correlation was
found between CSF-1and steroid receptor values (Kruskall-Wallis, p = .9),
histologic grade (Kruskall-Wallis, p = .29) or type (Kruskall-Wallis, p = 18).
However, a significant elevation in circulating CSF-1 levels (Kruskall-Wallis, p =
.0002) was seen in a small group of patients (n = 26) pre-selected for intensive
neoadjuvant chemotherapy on the basis of multiple adverse pathologic features
including large tumour size, rapid proliferative rate and oestrogen receptor
negativity. Table 2 demonstrates the correlation between mean pre-treatment
CSF-1levels and clinico-pathologic characteristics

Circulating CSF-1in other tumour types

In an attempt to substantiate the correlation obtained in the prospective
population between CSF-1and locally advanced or metastatic disease, we
assayed circulating plasma CSF-1 levels in other carefully selected patient
groups. Firstly, 70 patients with newly diagnosed primary squamous tumours of
the head & neck were screened before initiation of treatment. This tumour type
was chosen as it is typically diagnosed at a locally advanced stage. Median CSF-
1in this cohort was 604 pg/ml (range 71-2,200 pg/ml, mean 720 pg/ml) Secondly,
values were assessed in 32 ambulant men with bone metastases from prostate
carcinoma, yielding a median CSF-1value of 627 pg/ml (range 59-4,711 pg/ml,
mean 1,123 pg/ml). Finally, 39 women with advanced metastatic breast cancer
requiring hospital admission for symptom relief had values assessed. These had
a median CSF-1value of 865 pg/ml (range 126-5,790 pg/ml, mean 1,240 pg/ml).
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Figure 2 depicts the distribution of these values in comparison to those
obtained prospectively from the patients with newly diagnosed breast tumours.

Clinical outcomes

As a precise cut-off level for plasma CSF-1remains to be defined, patients were
classified into groups based on the level of initial CSF-1 for the purpose of
analysis. Median and twice median plasma values were chosen as cut-off points,
resulting in the following classes. Zero to 349 pg/ml (n = 255, 54.2%) 350 to 699
pg/ml (n =183, 38.8%) and > 700 pg/ml (n = 33, 7%). At a median follow up of 67
months (range 5-84 months), the overall and relapse-free survival were 84.5%
and 78.7% respectively, with a total of 71 deaths recorded. Twenty-eight patients
(5.9%) have been lost to follow up, all of whom were included in the survival
analysis. In the total patient population, no statistically significant differences in
overall survival were seen between those patients with CSF-1levels < 350 pg/ml,
greater than 350 and less than 700 pg/ml, and > 700 pg/ml (Table 3) (p = 0.87),
with approximately equal ratios of patients remaining alive in each group. Thity-
seven patients are alive with evidence of recurrent disease. After censoring
those with metastatic disease at diagnosis from the analysis (n = 27), no
differences were detected in relapse-free survival according to initial CSF-1
levels (p = 19).

DISCUSSION

In this study of patients with newly diagnosed breast tumours, we found
circulating plasma CSF-1levels to be elevated in patients with regionally
advanced disease and distant metastases as compared to patients with
localised tumours. Moreover, in a corroborative study, we also demonstrated
significantly elevated CSF-1levels in women with end-stage breast cancer. Lin et
al. [17] crossed a transgenic mouse susceptible to mammary cancer with mice
containing a recessive null mutation in the CSF-1 gene before subsequently
inducing transgenic CSF-1 expression in the mammary epithelium. Using this
model, they were able to demonstrate that while CSF-1expression does not
affect initiation and growth of primary tumours, it does promote acceleration to
the late stages of carcinoma and the development of metastases. When our
results are considered in the context of these findings, they support a role for
CSF-1in breast cancer progression.
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Moreover, the results obtained in men with bone metastases from prostate
cancer and in patients with newly diagnosed head & neck tumours, a tumour
type which typically presents with loco-regionally advanced disease, suggest
that the effects mediated by this growth factor may equally be important in
other tumour types. This is concordant with data showing CSF-1to be a useful
tumour marker in ovarian cancer [19], again a tumour type which typically
presents at an advanced stage.

How is this effect mediated? Tumour CSF-1expression is associated with
extensive macrophage infiltration both in animal [17, 20] and human tumours [13,
21]. While the biological role and clinical significance of macrophages in tumour
tissue is still unclear [22] they have the potential to exert beneficial anti-tumour
effects through the secretion of cytotoxic substances and presentation of
tumour associated antigens to lymphocyte [23]. However in pre-clinical models,
although transgenic expression of CSF-1induced macrophage infiltration [17,
20] there was no resultant suppression of tumour growth. This has led to the
hypothesis that CSF-1favours tumour progression through the attraction and
differentiation of macrophages which promote angiogenesis and the
remodelling of tumour stroma rather than exerting cytotoxic activity [5, 17, 21,
24]. In patients with small primary breast tumours amenable to surgery - the
majority of our patients -, it is possible that secreted CSF-1has not yet recruited
sufficient macrophages to produce such an effect. This could explain the lack of
significant correlation between circulating CSF-1and survival.

In addition, it has previously been demonstrated that activation of the CSF-1
receptor c-fms by its cognate ligand dramatically increases the tumorigenicity
and invasive potential of mammary tumour epithelial cells [25] and lung cancer
cells [26] through an autocrine mechanism. Finally, CSF-1has been implicated in
tumour evasion of the host immune response. Dendritic cells (DCs) play an
integral role in the initiation of a specific T-cell response by processing tumour
associated antigens and presenting them to sensitised T lymphocytes [27]. It
has been demonstrated that tumour culture supernatants contain elements
which can inhibit the functional maturation of DCs [28-30] and that dendritic
cells taken from patients with a variety of solid tumours have an impaired ability
to stimulate allogeneic T-lymphocytes [31-33]. In this context, Menetrier-Caux
et al. [30] demonstrated that CSF-1produced by renal cell carcinoma cell lines
inhibited the differentiation of DCs from CD34" progenitor cells, instead
resulting in monocytic cells with a potent phagocytic activity but lacking antigen
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presenting function. We were further able to show that the CSF-1induced

reduction in allostimulatory function may be mediated by an effect on MHC class

Il traffic [34].

In the present study, while no meaningful relationship was detected between
circulating levels of CSF-1and histologic type, grade or other individual

histologic parameters, we did find a significant elevation in CSF-1levels in a small

group of patients pre-selected for intensive neoadjuvant chemotherapy on the
basis of multiple adverse pathologic features, indicating that it may also be a
marker of tumour de-differentiation. Further studies will be required to support
this hypothesis. The higher circulating CSF-1concentrations in patients
younger than 35 years is presumably related to its role in the regulation of the
menstrual cycle [35, 36]. Similarly, the relatively higher levels in post-
menopausal patients are coherent with its role in the catabolic modifications
and osteoporosis associated with oestrogen deficiency [37, 38]. Indeed
elevated CSF-1levels have previously been reported in an elderly population
without overt malignant disease [39].

The fact that the median CSF-1in patients with newly diagnosed breast tumours

was no higher than control suggests that a plasma CSF-1assay may not
accurately reflect tissue activity in patients with primary breast tumours. We

have shown that circulating CSF-1is related to tumour volume, however, many of

the breast tumours in our series were screen detected and relatively small,
therefore, even if over-expressing CSF-1, were not secreting sufficient cytokine
to provoke arise in plasma levels. In order to produce a significant elevation in
plasma levels, a tumour must secrete sufficient CSF-1to allow spill over into the
circulation. Moreover, upon reaching the circulation, CSF-1has a half-life of
approximately 10 min, being efficiently cleared by high affinity CSF-1receptors
on macrophages [1], thus it must be synthesized continuously in order to
maintain stable circulating levels.

If as this study suggests, CSF-1plays arole in the progression of cancer and the
development of metastatic disease, we need to evaluate means by which we
can easily and reliably assess tumour CSF-1expression. A more valid indication
might be achieved by measuring tumour cytosol CSF-1expression as was
demonstrated for VEGF [40], however this method would not discriminate
between the CSF-1produced by the tumour itself and that produced by tumour
infiltrating inflammatory cells. Routine assessment for expression of CSF-1and
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its receptor c-fms in the tumour micro-environment by either polymerase chain
reaction or immunohistochemistry remain to be prospectively evaluated,
although evidence exists to support the use of the latter as a prognostic test
both in breast cancer [13] and in other tumour types [12, 15, 16].

CONCLUSION
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Figure 1

Distribution of circulating CSF-1 levels estimated
prospectively in 471 consecutive patients with newly
diagnosed breast tumours. Median 334 pg/ml, range 35-
2,564 pg/ml, mean 394.1 pg/ml.
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Figure 2

CSF-1results categorised according to tumour stage
and type. Median values in each group are denoted by
horizontal line and numerical value. Annotation: control,
pre-invasive tumours; T-T4: prostective breast tumours
classified according to size; H&N: pre-treatment tumours
of the head & neck; Met. Pr.: prostate cancer metastatic
to bone; Adv. Br.: advanced metastatic breast cancer.
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Table 1
Characteristics of the patients, the tumors
and the nitial treatment modality

Patients
Mumhber e

Total 471 100
Lge

=35 23 49

=35.=55 240 51

=55 208 441
Meropausal status

Pre-mencpausal 228 454

Post-mencopaeal 220 428
Inifial treatmert

SUTZEry 215 G5.9

Clemotlempy

Intensive®* 26 55

Stardard 1a7? 227
Eadictherapry 22 40
Trimmour size

Pre-irnmasive 26 55

Tl 154 332

T2 180 402

T2 ala] 14

T4 27 57

Tx & 1=
Modal status

MO 20 442

MNl-Z oo 21

Mz 164 245
Dhistart metas mses

&0 444 943

ka1 27 57
Clestrogen receptor

Positive 322 a7

MNezative o5 201
Histopathologic grade

1 24 172

2 225 478

E: 10& 225

Mot aralyeed ] 11.2
Histologic tpe

Clarcinoma i sidw 26 35

Infiltrating ductal Elas] TEZ2

Infiltrating lobular 3l 102

Cihgr#* 25 5=

* Median age 54 (range 23-83); *¥ chozn on the basziz of multiple
adverse pathologic criterda including lase fwmour size, rapid proli-
feratan and oestiogen mecepior negativity, #+* includes aguamons,
medullary, papillacy, tubular and apociine carcinomas.

https://lwww.jle.com/en/revues/ecn/doc/circulating-macrophage-colony-stimulating-factor-as-a-marker-of-tumour-progression_11237/jle_article.d...  17/23



2026/10/21 10:35 JLE — European Cytokine Network — Circulating macrophage colony stimulating factor as a marker of tumour progression

Tahle 2
Corelation between plasma CSF-1 kveks
anhd clinico-pathologic characteristics

Mean C3F-1 p¥
{p 5/l

All patients ="
Lze

=35 404 4 o

=25-=55 3701

=55 4112
Meropausal stabas

Pre-mencopausal Elaage oo=

Post-mencopaieal 421 5
Intensive necadjosant
Clemottempy

e 5505 00002

Mo ZEA 4
Thamour size

Tl a6l 1

T2 417 8

T= 004

T4 444 4 0ols
Dhistart metas tazes

Ho = 005

ea 447 1
Clestrogen recephor

Positive IoaE 0o

MNegative 3921
Histopathologic grade

1 447 029

2 ZEES

] SET2
Histologic tpe

Clarcinoma i siiw o 018

Infiltrating ductal SEES

Infiltrating lobnalar 35l
* Fomzkall-"Wallis test.

Tahle 5
Correlation of overall survival with initial C5F-1 value*

[nitial Mumber Deaths Deaths Obs/Exp. ] F
=5F-1 of patients obzerved expected =ho survivin g value
{p /L)
= 250 255 40 02 1o H46 0.E7**
= 350-= 700 182 27 268 1.01 242
=700 £ 4 51 07= 240

* Median follow-np 7 months {range 5-54); ** Mantel-Cox analwsis.
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