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ABSTRACT

Introduction: FOLFOX adjuvant chemotherapy is standard practice after
curative surgery for stage lll colon cancer. Even so there a significative
number of patients who relapse. This study investigates the expression of
metallo-proteinase (MMP-2) in bone marrow micro-metastasis and the
progression free survival in these patients

Methods: Bone marrow and blood samples were taken before and after
chemotherapy to detect CEA expressing cancer cells and the expression
of MMP-2

Results: Patients with bone marrow micro-metastasis expressing MMP-2
after chemotherapy had a lower progression free survival rate and a
shorter time to relapse.

Conclusions: The detection of MMP-2 positive micro-metastasis or CTCs
may provide useful information of the prognosis of stage lll colon cancer
patients.
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Introduction:

After curative surgery for stage lll colon cancer, adjuvant
chemotherapy is recommended, FOLFOX (5-flurouracil,
oxaliplatin and folinic acid) is one such treatment protocol
(NCCN  guidelines!.  Without adjuvant  therapy
approximately 30% of patients treated with curative
surgery as monotherapy will relapse within 5 years2.
According to the report by Salvatore et al3 adjuvant
chemotherapy reduced the relative risk of relapse by
33% and in 10-15% of treated patients the overall
survival increased by 10-15%. Adjuvant chemotherapy is
used to try to eliminate minimal residual disease (MRD)
which is defined as microscopic foci of disseminated
tumours not detected by imaging techniques such as
positron emission tomography-computerised tomography
or magnetic resonance imaging. Three types of MRD have
been described for patients with colon cancer; Group 1
includes patients negative for bone marrow micro-
metastasis and circulating tumour cells, Group 2 those
patients with only bone marrow micro-metastasis and
Group 3 positive for both4. Groupl has the best
prognosis, followed by Group 2 which a relatively long
period of dormancy before relapse occurs and finally
Group 3 with a poor prognosis and early relapse3.
Matrix metalloproteinase-2 is a type IV collagenase and
plays a role in many stages of the metastatic cascade.
This has been recently reviewed3. In summary, it permits
the cancer cells pass through the basement membrane
and extra-cellular matrix to enter the circulation and to
implant in distant tissuesé. It also releases cytokines and
chemokines that cause immune suppression both in the
pre-metastatic’. and metastatic niches8. Cancer cells that
express MMP-2 have been associated with the presence
of circulating tumour cells and a worse progression free
survival®. The fact that after FOLFOX chemotherapy
patients may relapse implies the presence of minimal
residual disease (MRD) has been defined as the presence
of cancer cells in distant tissues that are too small to be
detected using radiological studies.

That the use of FOLFOX improves progression free
survival implies that it eliminates these cancer cells or can
maintain them in a state of latency for a variable period.
Although metastasis to bone, detected using radiological
methods are infrequent, it has been reported that up to
30% of patients may have bone marrow micro-
metastasis detected®: 10,

We present a prospective observational study of the
changes in the expression of MMP-2 in bone marrow
micro-metastasis  before  and after ~ FOLFOX
chemotherapy and its association with progression free
survival.

Materials and Methods:

A single centre prospective observational study of
consecutive patients with stage lll colon cancer treated
with FOLFOX adjuvant chemotherapy, evaluated for
MRD between January 2007 and December 2014. The
STROBE guidelines for cohort studies were used and
included all patients with pathological Stage Il colon
cancer who had negative surgical margins and no
evidence of metastasis based on CT images. Patients who
had received neo-adjuvant chemotherapy or had

previous malignancies were excluded from the study
group.

CTC detection:

Three tubes containing EDTA (Becton, Vacutainer USA)
were drawn from the cubital vein, the first tube was
discarded to avoid contamination by epithelial cells. The
samples were processed within 24 hours while being
maintained at room temperature. To obtain mononuclear
cells the sample was centrifuged with Histopaque
1.077® (Sigma-Aldrich,USA) according to the instructions
of the manufacturers and resuspended in 100l of
autologous plasma. Using 25 [l of this cell suspension four
slides were prepared using sialinized slides, (DAKO,
USA). These were air dried for 24 hours and fixed using
a solution of 70% ethanol, 5% formaldehyde and 25%
of phosphate buffered saline (PBS) for five minutes, then
washed twice in PBS. The slides were then incubated one
hour later at room temperature with the monoclonal
antibody anti-CEA clone 11-7 (DAKO, USA) in a humified
chamber for one hour. To detect CEA positive cells a
system based on alkaline phosphatase-anti-alkaline
phosphatase was used (DAKO, USA) and neofuschin used
as the chromogen to stain the positive cells red. If the cells
stained positive for CEA a second stage was carried out
using anti-MMP-2 clone 1B4 (Novacastra Laboratories,
UK) with a peroxidase-based system for identifying
MMP-2 positive cells (LSAB2, DAKO, USA) and with 3,3
diaminobenzidine tetrahydrochloride (DAB) as the
chromogen.

Bone marrow micro-metastasis detection:

From the posterior iliac crest, a bone marrow biopsy was
taken prior to the chemotherapy and one-month after
completing FOLFOX. Four touch preparations were made
for the detection of CEA expressing cancer cells, the slides
were processed as processed in the same way as for
CTGs. Cells expressing CEA were defined as micro-
metastasis and positive samples underwent a second
process to detect the co-expression of MMP-2 as
described previously. Figures 1 and 2 show bone marrow

samples that were negative for cells that stained positive
for CEA.

L
Figure 1: Bone sample touch preparation negative for
CEA expressing tumour cells
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Figure 2: Bone marrow biopsy that is negative for CEA
expressing cells. Bone marrow samples could be either
positive for the presence of CEA expressing cells (Figure
3) and be negative for the expression of MMP-2.

L4

Figure 3: Bone marrow biopsy that is positive for CEA
expressing cells (red) but MMP-2 negative. Or be
positive for both the expression of CEA and MMP-2
(Figure 4)

Figure 4: Bone marrow micro-metastasis CEA positive
(red) and MMP-2 positive brown). Likewise circulating
tumour cells detected in venous blood samples could be
negative for the expression of CEA, in other words normal
leukocytes, or express CEA and/or MMP-2 (Figure 5).

Figure 5: Circulating tumour cell, expressing CEA (red)
and MMP-2 (brown).

Classification of patients:

The patients were classified into three groups; those
patients who were negative for both CTCs and micro-
metastasis; a second group of patients who were only
positive for bone marrow micro-metastasis expressing
CEA with or without the expression of MMP-2 and finally
a third group who were positive for CTCs and bone
marrow micro-metastasis.

Follow-up:

Three monthly check-ups were performed: with a
colonoscopy and a thoracic, abdominal and pelvic
computerised tomography being performed. If these
proved to be negative, the same controls were
performed yearly. At the same time blood and bone
marrow samples were taken to evaluate if there were
changes in the MRD classification. A relapse was defined
as a positive finding either by colonoscopy or CT
imaging. The time from finishing the chemotherapy to a
positive result by either method defined the progression
free survival time.

MMP-2 classification:

The expression of MMP-2 was classified according to the
criteria of Trudel et al''. If 10% or more of detected
CEA cells were positive for the co-expression of MMP-2,
the sample was considered as being MMP-2 positive.
Samples which were CEA positive, but only 1-9% of these
cells co-expressed MMP-2 were classified as weakly
positive and samples which showed CEA positive cells but
were negative for the expression of MMP-2 were
classified as negative. The intensity of the staining for
MMP-2 of each CEA positive cell was classified using a
scale of 0, +1, +2 and +3 and thus a median MMP-2
score could be calculated.

Study endpoints:

1) Progression free survival from
chemotherapy according to MRD subtypes.

2) Changes in the expression of MMP-2 in patients who
change MRD sub-type after chemotherapy

3) If there was no change, did this affect progression
free survival

finishing
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Statistical analysis:

The median values with the inter-quartile range (IQR) as
a measure of distribution were used to measure the
differing variables. The Chi-squared test was used to
compare the different frequencies of these variables and
the Mann-Whitney test to compare the median values of
these variables. The Kaplan-Meier test was used to
determine the progression free survival of the three MRD
sub types and the mean restricted progression free
survival rate was calculated’2. A P-value of < 0,05 was
used to define statistical significance.

Ethical Considerations:

The study was approved by the local ethics committee
and performed in complete conformity with the
Declaration of Helsinki and all the patients signed written
informed consent forms.

Results:

A total of 188 patients participated in the study, none of
these patients were lost to follow up with a median follow
up time of 4.1 years (IQR 3.8-4,4 years). A total of 82
(43%) patients relapsed after FOLFOX chemotherapy.
Of the three subtypes of MRD pre-chemotherapy there
were 48 (25.9%) patients that formed Group 1; 52
(28.1%) patients formed Group 2 and finally 88 (46%)
of patients formed Group 3. The response to
chemotherapy was heterogeneous and the subtype of
MRD did not predict the response to treatment. Three
months after finishing FOLFOX chemotherapy blood and
bone marrow samples classified the patients as the

following: 95 (50.5%) of patients were classified as
Group 1; 37 (19.7%) of patients were classified as
Group 2 and finally 56 (29.8%) were classified as
Group 3. The classification of the three sub-groups of
MRD determined the progression free survival after
chemotherapy as demonstrated in the Kaplan. Meyer
analysis (Figure 6). The progression free survival rates
are shown in Table 1. Those patients which formed Group
1 had the best progression free survival while those
forming Group 3 had a significantly shorter time to the
appearance of metastasis; this is shown in Table 1.

S T
1 2 3 4
Time (years)

----- CT1C and mM negolive
CTC negatrve and mM posive
s CYC poskve

Figure 6: Kaplan-Meier survival curves for up to five
years of follow up according to MRD subtype.

Table 1: Progression free survival rates and restricted mean progression free survival after 5 years of follow up.

MRD subtype % Observed progression free survival rate (median and IQR) | RMPFST in years 95%
95% CI Cl

Group 1 88% (66%-926%) 4.6 (4.2-5.0)

Group 2 56% (31%-75%) 4.1 (3.4-4.7)

Group 3 6% (0.5%-2.5%) 1.3 (0.9-1.9)

After completing FOLFOX adjuvant chemotherapy a total
of 72 (40%) changed their MRD sub-group status. Some

Table 2: Changes in MRD subtype post FOLFOX

deteriorating in their subgroup while others improved
their MRD sub-group (Table 2).

MRD Group Pre-chemotherapy Post-chemotherapy
Group 1 N=48 Group 1 48 (100%) Group 1 N= 47
Group 2N =13
Group 2 N= 52 Group 2 N= 52 Group 1 N = 29
Group 2N =19
Group 3N =8
Group 3 N = 88 Group 3 N = 88 Group 1 N =14
Group 2N =18
Group 3N =55

The results show that even after FOLFOX adjuvant
chemotherapy the patient may still be at a higher risk of
relapse. Possibly because the chemotherapy is selecting
resistant cancer cells. The alternate is that the bone
marrow did not harbour cancer cells and the patients
relapsed from visceral micro-metastasis.

Table 3 shows the frequency of MMP-2 expression and
mean MMP-2 scores for Groups 2 and 3, using Group 1
patients as the negative control.

© 2025 European Society of Medicine 4



Table 3: MMP-2 scores pre-chemotherapy.

Group 2 N =52 Group 3 N = 88
MMP-2 > 10% 2 (4%) 9 (10%)
MMP-2 1-10% 4 (8%) 53 (60%)
MMP-2 0% 46 (88%) 26 (30%) p <0.001«
Mean +/- SD 0.29 +/- 0.21 1.95+/- 0.4 p <0.001®

@ = Chi squared b= Mann Whitney

Table 4 shows in the frequency and median MMP-2
scores who changed their MRD subgroup after
chemotherapy. Those patients who improved their MRD
subgroup has a decrease in the expression of MMP-2,

while those who worsened their MRD sub-group increased
the expression of MMP- 2 in the bone amrrow micro-
metastasis.

Table 4: Changes in the expression of MMP-2 after FOLFOX chemotherapy and changed MRD subgruo.

Changed to Group 2 N =31 Changed to Group 3 N =8
MMP-2 > 10% 4 (13%) 8 (100%)
MMP-2 1-10% 6 (19%) 0 (0%)
MMP-2 0% 21 (68%) 0 (0%) p <0.0014
Mean +/- SD 0.35 +/- 0.28 2.27 +/- 0.51 p <0.001k

a Fishers exact test ® Mann-Whitney

Discussion:

The use of FOLFOX adjuvant chemotherapy has improved
the progression free survival and overall survival of
patients with stage lll colon cancer3. Chemotherapy not
only is able to eliminate proliferating cancer cells but also
may cause changes in the host immunological system!3.
Both 5-fluorouacil and oxaliplatin have been reported to
improve the anti-tumour immune response. Increasing the
function of cytotoxic T-cell'4 and decreasing myeloid
derived suppressor cells and regulatory T-cells'4 15, This
article raises the question does FOLFOX chemotherapy
improve the immune function or by decreasing MMP-2
expression improves the immune function to improve the
progression free and overall survival rates? 5-
fluorouracil is a pyrimidine analogue which inhibits the
enzyme thymidylate synthase essential for nucleotide
synthesis, whereas oxaliplatin induces tumour cell
apoptosis by covalently binding to DNA and thus causing
inhibition of DNA synthesis. The micro-metastatic site is not
only comprised of cancer cells, but they are found within
their own fumour micro-environment8. As reported here,
FOLFOX adjuvant therapy may eradicate tumour cells,
decrease the expression of MMP-2 without eliminating
the cancer cells or have no effect. This may be explained
in part by the tumour micro-environment (TME), which is
composed of tumour cells, immune cells which cause local
immunosuppression, via T-regulatory lymphocytes (Tregs)
immunosuppression macrophages, chemokines and
cytokines and decreased numbers of effector cells such
as cytotoxic T-cells and NK cells'é. This TME is dynamic
and changes with time due to the clonal instability of the
tumour cells and changes in the immunosuppressive effects
within the micrometastasis'é. The TME may be different in
different tissues, explaining the different frequencies of
the metastatic sites. Both 5-fluorouracil and oxaliplatin
affect the TME; oxaliplatin induces immunogeneic cells
death (ICD) by increasing the immunogenicity of the
tumour cells'?. It increases cytotoxic T-cells and decreases
myeloid derived stem cells and Tregs'’. Although the
cytotoxicity is non-specific and can decrease the total
lymphocyte population for a short time!8 19. The changes

in the immune TME are longer lasting. Oxaliplatin is one
chemotherapeutic drug that may block immunoinhibitory
signal pathways, increasing anti-tumour immunity?2'.

5-Fluorouracil induces ICD via the Calreticulin
endoplasmic reticulum chaperone. lts translocation to the
plasma membrane where it binds to CD91 which starts a
process whereby dendritic cells, the release of pro-
inflammatory cytokines and activation of T-helper cells
are recruited to the micro-metastasis thereby, increasing
the anti-tumour immune response’3. It also decreases the
immunosuppression caused by the TME affecting both
Tregs and myeloid derived suppressor cells. This a.
adynamic process and may change with subsequent
tfreatment cycles!3. 21,

The dual effects of cytotoxicity and changes in the
immune response would explain why some patients
improved in their MRD status, similarly those tumour cells
resistenant to chemotherapy or with a higher level of
immune function would not be affected, explaining why
some patients did not change their MRD subgroup or
passed to a more advanced MRD subgroup.

What is more difficult to explain is why decreased or the
absence of MMP-2 expression changed after FOLFOX
chemotherapy. MMP-2 is secreted as a pro-enzyme
achieving its active form via MT-MMP-1. Tissue inhibitors
of metalloproteinases TIMP-1 and TIMP-2 controlling the
activity of MMP-2. Higher levels of TIMP-1 in the plasma
and primary tumour before curative surgery have been
associated with a worse prognosis?2 23, However, it has
also been reported that preoperative serum analyses of
matrix metalloproteinases (MMP-2, MMP-9) and tissue
inhibitors of matrix metalloproteinases (TIMP-1 and
TIMP-2) in colon cancer have limited value for
determining the prognosis of patients24. They may also
not reflect the TIMP levels in the micro-metastasis or the
ratio MMP-TIMP. It was beyond the scope of this study to
detect TIMP 1 and TIMP 2 levels. Even so this would not
answer the question of how MMP-2 expression was
decreased or absent. TIMP-1, 2 and 4 both promote and

© 2025 European Society of Medicine 5



inhibit tumour development, while TIMP-3 has been
reported to be consistently anti-tumour in its effect?’

As mentioned previously, the expression of MMP-2 in
bone marrow micro-metastasis is associated with a higher
frequency of relapse and the presence of CTCs after
FOLFOX chemotherapy for stage lll colon cancer. MMP-
2 expression and the presence of CTCs was associated
with a significantly higher relapse rate and a shorter
progression free survival with 6% having a five-year
progression free survival rate and time to relapse being
only 1.3 years. Group 2 patients had a longer latency
period where dormant cancer cells do not proliferate,
however due to clonal instability or changes in the tumour
micro-environment such as immunosuppression26. These
changes in the phenotypic characteristics of the cancer
cells caused an increased frequency of progression free
survival decreases, although the time to relapse was
similar to those patients who formed Group 1. Therefore,
identifying patients who form Group 2 may provide
information and the formation of personalized treatments
to maintain the cancer cells dormant.

The key question raised by this study is that if MMP-2
expression could be suppressed or decreased in an
asymptomatic patient could the progression free survival
be prolonged? Unfortunately, trials using anti-
metalloproteinases have been stopped due to the

adverse effects caused by these drugs. Batimastat did
not reach Phase 1 clinical trials?7; while marimastat,
tanomestat and prinomastat in Phase Ill trials did not
show a survival benefit 20-30,

The study has its limitations, being a single centre study
and with a low number of patients with CTCs being
identified using differential gel centrifugation and
immunocytochemistry. Although a bone marrow biopsy
can be considered as an invasive procedure, the adverse
events are less than 0.08%3'.

Conclusions:

The expression of MMP-2 in bone marrow micro-
metastasis after FOLFOX chemotherapy for stage llI
colon cancer is associated with the presence of CTCs, a
lower and shorter progression free survival time. Further
multi-center trials are needed to confirm these results. The
mechanisms whereby MMP-2 expression is decreased in
some patients after FOLFOX needs to be elucidated so
as possibly increase the latency period.
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