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Summary

Bif, EAFRESTFEYENERBERORBEICETF VYV ADEBHEL L, TOEGE
SONAHBEEINTUVS. HETEHESBEBCBVLWCESTRIE/RENICEAL, &
CICHRECBVWTRNBEZ S ABTRLERESEHEALTULS. XERRIEFIR
R T /o7 IMEDOMELPIRIGEOEN, Bacterial translocation OHIFIHTEA
FN, EESECBSVTREENRE LB, FIRGTRONER GO HHRaEE
R, HEEEMMRNHEFTND. 5T - BEECSIT 2 WrmEERET "8IS
IR OMESBERCR L TE, AETEERST I L TUENRNEDSNTULD
S, TETVADOEREEBICESEEEBIENCHBERICEALTUK I LBRE
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2, FOMHO—o L LTHRNEEREDZL 2 4 TUFCAOERE L HI0HiEE
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N4, F-PEESF L LKL TEOERET S ETHY, WHEMY 2 & A LZAFATIRA~OEIS

L NSO AT AL SY -1 52 1] ﬁﬁéﬁ%@%& PRAHHE SN,

LTOBRBLIELLTI - 700 kT &lnl, B -0 - Wﬁﬁcbwaﬁg&%x T

5. Lol, mific nw&v%mgﬁmwn@ Wmmmw% %ﬁbawékéﬁw% wﬁw

FHEEHWLILILL T, ZOBKIIBIFEE & ANEFHZPOICH - - BRE~o®N -
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Abstract

Purpose The combination of chemotherapy and surgery
holds promise for improving CRC patient prognosis. We
evaluated the pathological impact of chemotherapy on

primary lesions and lymph node (LN) metastases
retrospectively.
Methods Sixteen CRC patients with synchronous liver

metastasis underwent a radical operation between March
2005 and August 2007. Eight of the 16 cases (surgery
group) were operated on for the primary lesion without
chemotherapy and another 8 cases (chemotherapy group)
were operated on after chemotherapy with FOLFOX
(median: 8 courses).

Results Five of the 8 patients in the surgery group were
found to have pathological LN metastasis (62.5%; NO
37.5%, N1 37.5%, N2 25%). However, only 2 of the 8
patients in the chemotherapy group were found to have LN
metastasis (25%; NO 75%, N1 25%, N2 0%). The ratio of
LN metastasis (number of metastatic LNs/resected LNs in
total) was 11.1% in the surgery group, but it was 4.8% in
the chemotherapy group. Necrotic areas were widely
detected in the LN specimens of the chemotherapy group.

A summary of this study was presented at the 45th Annual Meeting of
the Japan Society of Clinical Oncology in 2007.
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The percentage of lymphatic (ly) and vascular (v) invasion
in the primary lesions was smaller in the chemotherapy
group (ly 12.5% vs. 25.0%) than in the surgery group
(ly 62.5% vs. 50.0%). The patients in the chemotherapy
group had no significant adverse effects and did not show
an worse survival rate overall than the surgery group.
Conclusions A promising effect of chemotherapy on the
status of LN metastasis and vessel invasions at the primary
site was observed in the patients who responded to
FOLFOX.

Keywords Perioperative chemotherapy -
Colorectal cancer - Primary lesion -
Lymph node metastasis - FOLFOX

Introduction

Surgical management of resectable liver metastases in
CRC has become the standard treatment. It is also the
standard treatment for CRC patients to add oxaliplatin to
the regimen of fluorouracil and leucovorin in order to
improve the adjuvant treatment of colon cancer [1—4]; this
combination chemotherapy is termed FOLFOX. It was
reported that the combination of chemotherapy and surgery
bolds promise for improving CRC patient prognosis, and
the feasibility of applying chemotherapy for liver injury
and perioperative complications has been reported [5-7].
However, there is no clear standard for the use of chemo-
therapy in CRC with liver metastasis before surgery.

It has been reported that the use of NAC in resectable
liver metastases induced a significant number of remissions
without increasing morbidity [8]. However, oxaliplatin is
associated with sinusoidal dilation [9-11], and irinotecan
causes steatohepatitis [9, 10]. Therefore, the chemotherapy
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regimen should be considered carefully, because the risk of
hepatotoxicity is significant [11].

The pathological effect of chemotherapy on liver
metastasis has been reported, but the pathological response
to LN metastasis from CRC after chemotherapy has not
been discussed, although 4 or more lymph node metastases
around the primary cancer was considered to be a prog-
nostic factor for patients with synchronous liver metastases
[12]. The purpose of this study was to assess the effect of
chemotherapy on both primary lesions and LN metastases
in CRC in order to evaluate the effectiveness of chemo-
therapy for the treatment of LN metastases in CRC patients
with liver metastases.

Patients and methods

This was a retrospective study performed at Kumamoto
University Hospital. We treated 39 CRC patients with
synchronous liver metastases between March 2005 and
August 2007 at our hospital, and 16 of the 39 patients
underwent a radical operation (Fig. 1). Eight of the 16
patients (surgery group, n = 8, H1 3, H2 4, H3 1) were
operated on for their primary lesions and regional LNs
without chemotherapy. Of the 3 cases (H2 3) that under-
went chemotherapy before a hepatectomy, two cases were
not considered to be indicated for a hepatectomy due to
safety concerns, and in one case it was necessary to confirm
whether the number of metastatic lesions had increased,
because there were 5 liver metastatic lesions at the time of
diagnosis.

The other 8 cases (chemotherapy group, n = 8) were
operated on after chemotherapy with FOLFOX. The

reason that these 8 patients underwent chemotherapy
before being operated on was that they did not have
sufficient surgical indications before chemotherapy
(Table 1). Three cases (H1 2, H2 1) were accompanied
by lung metastases, 1 case (H1) had a suspected per-
meation of the iliopsoas muscle, and the other 4 cases
(H2 2, H3 2) contained multiple or huge liver
metastases.

At our institution, patients with resectable liver
metastases undergo simultaneous resection of both the
primary lesion and liver metastasis. Patients with unre-
sectable liver metastases start the chemotherapy without
primary lesion resection. Primary lesions that are pre-
dicted to possibly cause an obstruction of the bowel or
anemia are resected. However, there are no strict criteria
regarding whether the primary tumor should be resected
or not. When the liver metastasis is deemed to be
resectable and the primary lesion can undergo a radical
resection, then the patient is indicated for this surgery.
When the chemotherapeutic effects are judged to be
insufficient, then we change the chemotherapeutic regi-
men to a second-line protocol. If the patients have both
liver and lung metastases, then chemotherapy is per-
formed first. If the metastatic lesions are controllable and
no new lesions appear, then we resect the primary lesion
and liver metastasis. We restart chemotherapy, and if
the lung metastasis is stable we perform a resection of the
lung metastasis.

The patients underwent either a modified FOLFOX-6
(7 cases) or a FOLFOX-4 (1 case) regimen for chemo-
therapy before surgery. The modified FOLFOX-6
regimen was as follows. On the first day of each cycle,
the patients received folinic acid (200 mg/m?) and

10 patients
no candidate for radical surgery
-2 bone metastasis

Surgery group (n=8) colectomy before chemotherapy

-2 extensive dissemination
-3 extra regional L/N meta.
-3 multiple lung meta.

5 patients 3 patients
(H13,H21, H31) (H10, H23, H30)
A

Radical operation ]
without chemotherapy §
1

multiple metastases

“F
1 Colectomy before chemotherapy
: (Hepatectomyafter chemotherapy)
1

39 CRC patients with only liver metastasis| - o,

synchronous liver metastasis

(H14, H2 7, H3 14)

12 patients
(H10,H21, H3 11
-10 Progressive disease

‘2 adverse effects

- 20 patients Liver meta. didn't,
B (H11,H2 6, H3 13) [changeresectabl

Resectable lung metastasis

Bothhepatectomy and colectomy
after chemotherapy

2 Chemotherapy before :
4 patients surgicaltreatment = 3 patients
(H12,H21, H3 1) (H12,H2 1)

5 patients
(H11,H22 H39)

Liver meta. didn’t
b changeresectable

Chemotherapy group (n=8) colectomy after chemotherapy

1patient
(H3 1)

-1 Progressive disease

Fig. 1 Treatment process for the 39 CRC patients with synchronous liver metastases
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Table 1 Characteristics of the
patients in this study

cH stage clinical stage of the
liver metastasis before
chemotherapy

cH1I the number of liver
metastases is less than 4 and the
size is less than 5 cm, cH2
neither ¢cH1 nor cH3, cH3 the
number of liver metastases is
more than 5 and the size is over

Characteristics Chemotherapy group Surgery group
Number of cases 8 8
Age, years, median (range) 68 (60-81) 60 (50-82)
Sex, male/female 4/4 5/3
Location, colon/rectum 6/2 4/4
Liver metastasis, cH1/cH2/cH3 3/3/2 3/4/1
Number of liver metastasis

1/2/3/4/>4 3/3/1/0/1 5/0/1/0/2
The maximum size of the liver metastasis

<5/5-10/10< 3/3/2 6/1/1
Lung metastasis, LO/L1 5/3 8/0
Depth of penetration, MP/SS/SE/SI 0/4/3/1 2/2/410
Chemotherapy before surgery

Before colectomy, yes/no 8/0 0/8

Before hepatectomy, yes/no 8/0 3/5
Median course of chemotherapy

Before colectomy 8 0

Before hepatectomy 9 6(n=3)

5 cm

oxaliplatin (85 mg/m?) as intravenous infusions over 2 h.
They also received an intravenous injection of S-fluoro-
uracil (400 mg/mz), followed by an intravenous infusion
of 2400 mg/m? over 46 h.

The surgical resection of the colorectal lesions inclu-
ded en bloc removal of the affected site with adequate
margins and the draining LNs. We evaluated the patho-
logic findings (depth of penetration, lymphatic/vascular
invasion) of the primary tumor with hematoxylin and
eosin stain and Victoria blue stain. The tumor regression
was graded into one of five grades based on the per-
centage necrotic area in the residual tumor and according
to the histological response criteria for the drug and
radiotherapy. The pathological response criteria of the
drug and radiotherapy were as follows. Grade 0: no
regression. Grade la: extremely mild effect: degeneration
or necrosis of the tumor is <1/3. Grade 1b: mild effect:
degeneration, necrosis or fusion of the tumor ranges
from 1/3 to 2/3. Grade 2: significant effect: remarkable
degeneration; necrosis, fusion or disappearance of the
tumor is >2/3. Grade 3: complete response: all of the
tumors were necrotic with rearranged granulation tissue
or a fibrotic lesion, and the tumor had disappeared.

We examined the number of excised LNs and the LN
metastases in each area with hematoxylin and eosin stain.
The metastatic LNs were stained for immunohistochemis-
try (IHC) in order to detect epithelial tissue using a cyto-
keratin stain, and to detect macrophages with a CD68 stain.
CD68 is a glycoprotein that binds to low-density lipopro-
tein and is expressed on macrophages.

@_ Springer

Results

The 8 patients who underwent chemotherapy before surgery
(chemotherapy group) consisted of 4 men and 4 women
with an average age of 69 years (range, 60-81 years). The
average number of chemotherapy courses was 8.12 (6-12
courses, median 8.0). They underwent chemotherapy
without any significant adverse effects (Table 2). There
were also no adverse events caused by chemotherapy before.
surgery that pecessitated postponement of the operation.
The average period from the most recent chemotherapy
treatment to the operation was 25.4 days. One patient had
bile leakage after the operation and stayed in the hospital for
82 days (Table 3). :

Swollen LNs with a diameter of about 1 cm were
detected on CT before chemotherapy and suspected of
being metastatic. However, these swollen LNs did not
appear swollen after chemotherapy in 3 of the 8 cases. In
the other 5 cases, the LNs were smaller on CT than they
were before chemotherapy. After the operation, swollen
LNs were detected in 3 cases, but one of the 3 cases was
not considered to have metastatic LNs because the
swollen LNs in this case were about 1.5 cm in size and
they were also soft. In the other 5 cases the resected LNs
had withered and it was difficult to detect any LN
swelling. Only 2 of the 8 patients (25%) with chemo-
therapy before surgery were found to have pathological
LN metastasis (NO 75%, N1 25%, N2 0%) with hema-
toxylin and eosin stain. The number of LNs excised from
the 8 patients was 82 (median, 9.5 LNs) in total, but the
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Table 2 Adverse effects during

chemotherapy (CTCAE V3.0) Adverse effect Grade 1 Grade 2 Grade 3 Grade 4 All grades
and perioperative complications Hematological toxicity
Leukopenia 1 2 1 0 4
Neutropenia 0 3 2 1 6
Anemia 0 4 0 0 4
Thrombocytopenia 3 1 0 0 4
Nonhematological toxicity
Peripheral neuropathy 4 0 0 0 4
Anorexia 1 2 0 0 3
Diarrhea 1 0 0 0 1
Allergy 1 0 0 0 1
Average period from the last chemotherapy treatment to the operation (range) 24.5 (20-38)
Length of stay in the hospital, median 26 (21-82)
Postoperative mortality 0
3;: I:Il;gleif;;a of the Chemotherapy group (n = 8)
Response to chemotherapy (RECIST) CR/PR/SD/PD 0/4/4/0
The largest lesion diameter on imaging the liver metastasis
Before chemotherapy 58 (16-140)
After chemotherapy 38 9-74)
Relative reduction —29.6%
Plasma CEA
At diagnosis <2.5/2.5-30/30< 2/3/3
Before surgery <2.5/2.5-30/30< 4/4/0
After surgery <2.5/2.5-30/30< 711/0

Liver function after chemotherapy

Asialo scintigraphy

Ascites

Serum bilirubin (mg/dl)
Serum albumin (g/dl)
ICG 15 (%)

RECIST response criteria in

. PT (%)
solid tumors

0.61 (0.52-0.69)
0.93 (0.92-0.95)

HH15
LHL15

None/reversible/irreversible 8/0/0
<2.0/2.0-3.0/3.0< 8/0/0
3.5</3.0-3.5/<3.0 6/2/0

14.1 (7.8-25.8)
<15/15-40/40< 6/2/0
80</50-80/<50 8/0/0

number of metastatic LNs was only 4 (ratio of LN
metastasis, 4.8%). The metastatic LNs of the 2 patients
were Grade 2; two-thirds of the metastatic LN specimens
showed necrosis pathologically.

The other 8 cases in which the primary lesions were
operated on without chemotherapy consisted of 5 men and
3 women with an average age of 62.0 years (range, 50—
82 years). Five of the 8 patients (62.5%) were found to
have pathological LN metastasis (NO 37.5%, N1 37.5%, N2
25%). The number of LNs excised from the 8 patients was
153 (median number of excised LNs, 18.0) in total, and the
number of metastatic LNs was 17 (ratio of metastatic LNs,
11.1%) (Table 4).

In a case from the chemotherapy group, a regional LN
was suspected of being metastatic on contrasting CT before
the chemotherapy, but after 3 courses of chemotherapy the
internal area of the LN was shown to have a low density,
suggesting tumor necrosis on contrasting CT. Two-thirds
of the resected LN specimens showed necrosis pathologi-
cally. These LNs contained three characteristic lesions,
viable adenocarcinoma, macrophages infiltrating to the
necrotized tissue, and areas of hyalinization and cicatriza-
tion (Fig. 2). Macrophages were seen during the thera-
peutic process and the chemotherapy treatment process was
observed in this LN. We performed immunostaining on the
site and detected macrophage infiltration around the
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Table 4 Pathological outcomes for the primary lesions and LN
metastases

Table 5 The impact of chemotherapy on the primary lesions and
metastatic lesions

Pathological outcome Chemotherapy group  Surgery group Chemotherapy group Grade la Grade 1b Grade 2 Grade 3
Median of resected LNs 9.5 18.0 Primary lesion 8 3(375%) 2Q25%) 2(25%) 1(125%)
Ratio of LN metastasis 4.8% (4/82) 11.1% (17/153) LN metastasis 2 0 (0%) 0(0%) 2 (100%) 0 (0%)
Lymphatic invasion 12.5% 62.5% Liver metastasis 8 1(12.5%) 2 (25%) 3 (37.5%) 2 (25%)
lyO/ly1/ly2/ly3 /11010 410 The pathological response criteria of the drug and radiotherapy were
Vascular invasion 25.0% 50.0% as follows:
vO/v1/v2v3 5/3/0/0 4/1/112 Grade 0 no regression
LN metastasis 25.0% 62.5% Grade la extremely mild effect: degeneration or necrosis of the tumor
NO/N1/N2 6/2/0 31312 is <1/3

Fig. 2 Histopathological photomicrographs of the LN metastasis.
This photograph shows the chemotherapy treatment process in the
LN. H&E stained section x40: viable adenocarcinoma (f), macro-
phage infiltrating around necrotized tissue (i), and hyalinization and
cicatrization (§)

necrotic tissue with CD68 stain. Some metastatic cells,
which were difficult to identify with the hematoxylin and
eosin stain, were detected with cytokeratin staining.
However, the sites of necrosis, cicatrization, and hyalini-
zation did not contain any epithelial-like tissue.

The three cases with primary tumors were Grade 1a, and
these cases showed a poor response to FOLFOX chemo-
therapy. However, almost all of the liver metastases
showed a strong response to chemotherapy, and LN
metastasis was detected in only 2 cases (Grade 2 in each
case), though swollen LNs were detected in all of the 8
cases on CT before chemotherapy (Table 5). The per-
centage of lymphatic and vascular invasion in the primary
lesions was less in the chemotherapy group (ly 12.5% vs.
25.0%) than in the surgery group (ly 62.5% vs. 50.0%)
(Table 4). Two cases were Grade 2 and 1 of the 8 cases
showed a complete response (CR). In the CR case, the
primary lesion was a torose lesion before chemotherapy,
but the tumor cicatrized after the administration of 5

@ Springer

Grade 1b mild effect: degeneration, necrosis or fusion of the tumor
ranges from 1/3 to 2/3

Grade 2 significant effect: remarkable degeneration; necrosis, fusion
or disappearance of the tumor is >2/3

Grade 3 complete response: all of the tumors were necrotic with
rearranged granulation tissue or a fibrotic lesion, and the tumor had

' disappeared

courses of FOLFOX chemotherapy. The site of the tumor
ulcerated and we could not confirm the presence of tumor
cells pathologically (Fig. 3).

The overall survival from the diagnosis of CRC was
24.5 months (chemotherapy group/surgery group; 24.6/
24.3 months). All patients in the chemotherapy group are
still alive, while 3 patients in the surgery group have died.

Discussion

Based on the guidelines of the National Comprehensive
Cancer Network (NCCN), the treatment of resectable
synchronous liver metastasis is selected from among the
following three methods: colectomy with synchronous or
subsequent liver resection, neoadjuvant chemotherapy
(FOLFOX or FOLFIRI or CapeOX =+ bevacizumab) fol-
lowed by a synchronous or staged colectomy and a resec-
tion of the metastatic disease, or a colectomy followed by
chemotherapy and a staged resection of the metastatic
disease [13]. We had no clear standard or criteria to use in
order to select the best method of treatment. The pre-
liminary data from the randomized phase III study indicate
that the preoperative administration of FOLFOX did not
affect the morbidity or mortality of cases who underwent
hepatectomy for resectable colorectal liver metastases [1-4].
Developments in surgical devices and techniques have
made hepatectomy safe after chemotherapy. Therefore, we
must select the patients who are appropriately indicated to
undergo NAC.

The LN metastases of stage III disease are important
for the prognosis. The 5-year survival rates by stage have
been reported as: 84.7% (stage ITIA), 72.2% (stage IIB),
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Fig. 3 The complete response
case. a A torose lesion was
detected before chemotherapy.
b The tumor cicatrized after the
administration of 5 courses of
FOLFOX chemotherapy. ¢ Only
scar tissue is detected in the
specimen (). d H&E stained
section x40, 100; the site of the
lesion formed an ulcer, and
infiltrating inflammatory cells,
but no viable adenocarcinoma
was confirmed

83.4% (stage IITA), 64.1% (stage IIIB), and 44.3% (stage
IIC) [15]. The difference in the 5-year survival rate
between stage IIIB and stage IIIC was 20.3%, though the
only difference was the number of metastatic LNs. It was
also reported that the LN metastases of stage IV disease
are important for the prognosis. One hundred eighty-seven
patients underwent curative resection for synchronous
liver metastasis from colorectal cancer. In a multivariate
analysis, the factors that significantly affected the prog-
nosis of synchronous metastasis were 4 or more lymph
node metastases around the primary cancer (P < 0.001)
and multiple liver metastases (P = 0.003) [12].

Our study showed the impact of chemotherapy on
metastatic lymph node lesions. We consider that patients
who have 4 or more lymph node metastases around the
primary cancer (above N2) may benefit from chemotherapy
before surgery.

The percentage of patients with a penetration depth of
SS-SE without LN metastasis was 48.7% among the
CRCs registered (n = 15938) in our country. Our study
shows that the percentage of patients without LN metas-
tases was 37.5% in the surgery group. However, this
figure was 75% in the chemotherapy group, and the
number of LN metastases was under 3 (N1) (Tables 1, 2).
One problem with our study was the difference in the
number of resected metastatic LNs. The median number
of resected LNs in the chemotherapy group was 9.5, while
it was 18.0 in the surgery group. The median number of
LNs removed at colectomy was 11 (range, 1-87) in the

Intergroup Trial INT-0089 [15]. The number of LNs
removed without chemotherapy was larger than the
number removed with chemotherapy, though we excised
the LN specimens as usual. We considered that the
withering LNs were also a result of the effect of the
chemotherapy.

Our study left the problem of the effect of chemother-
apy on the primary lesion unresolved. The number of
patients who had a poor response (Grade 1a) to chemo-
therapy for the primary region was 3 (37.5%); neverthe-
less, chemotherapy was much more effective for metastatic
lesions in 7 cases. We consider that individual differences
have a strong influence on the sensitivity of the primary
tumor to FOLFOX chemotherapy. We should elucidate the
causes of the various effects on the original lesion using
some additional methods [16-19], and we should find a
way to predict the effect of chemotherapy on the primary
lesion.

In conclusion, our study showed that chemotherapy has
a strong impact on the status of LN metastasis and vessel
invasions at the primary site in patients who respond to
FOLFOX. Patients who underwent chemotherapy without a
colectomy, namely the chemotherapy group, demonstrated
no significantly adverse effects, and the overall survival
rate was not worse than that of the surgery group. Patients
with both extensive LN metastasis (suspected to be above
N2) and synchronous liver metastasis should therefore be
considered potential candidates for chemotherapy without
a colectomy.
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