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Abstract
Desmoplastic reaction (DR) involves the growth of fibrous or connective tissues around a tumor and has recently attracted
attention as an indicator of malignant potential. Previous studies have confirmed that histological categorization of DR in the
primary tumor is an independent prognostic factor in patients with colorectal liver metastases (CRLM). However, it remains
unclear whether the DR status of the metastatic liver lesion (DRliver) is a useful prognostic factor. This pathological review
evaluated records from 204 patients who underwent hepatectomy for CRLM at the National DefenseMedical College Hospital in
Japan. Each case’s DRliver was classified as mature, intermediate, or immature based on the presence of keloid-like collagen and
myxoid stroma in the metastatic liver lesion. This resulted in 12 cases of mature DRliver, 101 cases of intermediate DRliver, and 91
cases of immature DRliver. There was a significant correlation between the DR statuses of the primary tumor and the metastatic
liver lesion (Spearman’s rho = 0.3, P = 0.0001). The 5-year relapse-free survival rates after hepatectomy were 33.8% for mature/
intermediate DRliver and 16.7% for immature DRliver (P = 0.0021). The 5-year overall survival rate after hepatectomy was higher
in the mature/intermediate DRliver group (64.8%) than in the immature DRliver group (35.0%; P = 0.0012). The multivariate
analysis confirmed that DRliver categorization could independently predict relapse-free survival and overall survival. In conclu-
sion, DRliver categorization may be valuable for predicting prognosis after hepatectomy among patients with CRLM.
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Abbreviations
CAF Cancer-associated fibroblast
CRC Colorectal cancer
DR Desmoplastic reaction
DRliver Desmoplastic reaction in the colorectal liver

metastases
DRprimary Desmoplastic reaction in the primary tumor
OS Overall survival
RFS Relapse-free survival
MLNs Metastatic lymph nodes

Introduction

Hepatectomy is considered the only effective and poten-
tially curative treatment for patients with colorectal liver
metastases (CRLM). However, the 5-year overall survival
(OS) rate after hepatectomy is 22–40% and the 10-year
OS rate is 20–26% [35]. Moreover, 50–70% of patients
experience recurrence after hepatectomy and > 30% of
patients who undergo curative hepatectomy will experi-
ence recurrence within 1 year [4]. Thus, it is important
to accurately predict the patient’s prognosis after hepatec-
tomy for CRLM, and this prognostication can be based on
various quantitative parameters, such as the number of
metastases [3, 12, 15, 16, 21], the size of the liver metas-
tasis [3, 15, 25], the presence of extrahepatic disease [3],
and primary tumor nodal status [3, 12, 15, 16, 24].
However, only a few reports have considered qualitative
parameters, such as the histological growth pattern [33],
fibrosis surrounding the liver metastasis [18], and
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histological findings for entrapped metastatic liver tumors
[11]. These findings have not been applied in clinical
practice.

Several recent reports have revealed that histological find-
ings at the invasive front are related to the tumor’s behavior
and oncological outcomes [28, 29, 37]. In addition, histopath-
ological prognostication for colorectal cancer (CRC) has been
attempted based on a novel histological category system that
evaluates the desmoplastic reaction (DR), which can be cate-
gorized into three patterns (mature, intermediate, and imma-
ture) according to the fibrotic stromal components at the inva-
sive front (i.e., hyalinized keloid-like collagen and myxoid
stroma). We have reported that the DR categorization in the
primary tumor was strongly correlated with prognosis after
hepatectomy for CRLM, and that this factor had greater prog-
nostic value than other histological factors, including TNM
stage [32]. The formation of DR can also be observed in met-
astatic lesions, although we are not aware of any reports that
have described the value of DR in metastatic liver lesions
(DRliver) for predicting prognosis among patients with
CRLM. Therefore, this study aimed to determine whether
DRliver could be categorized in the same manner as for the
primary tumor, and to determine whether this categorization
provided prognostic value among patients who underwent
hepatectomy for CRLM.

Materials and methods

Patients

This retrospective study evaluated data from 204 patients with
CRC who underwent liver resection for synchronous CRLM
(n = 101) or metachronous CRLM (n = 103) at the National
Defense Medical College Hospital between 1997 and 2014.
The average age was 64.3 years (range, 28–95 years) and 138
patients (67.6%) were men. Based on an average follow-up
period of 60 months (range, 1–204 months) for survivors, the
5-year overall survival (OS) rate after hepatectomy was
52.8%. Among the 193 patients who underwent potentially
curative hepatectomy, the 5-year relapse-free survival (RFS)
rate after hepatectomy was 26.2%. Patients who received che-
motherapy within 2 months before the hepatectomy were de-
fined as the preoperative chemotherapy group. Preoperative
chemotherapy was administered to 78 patients, which in-
volved oxaliplatin-based regimens (40 patients), irinotecan-
based regimens (17 patients), 5-fluorouracil-based regimens
(31 patients), other regimens (2 patients), anti-vascular endo-
thelial growth factor (VFGF) antibodies (20 patients), anti-
epidermal growth factor receptor (EGFR) antibodies (10 pa-
tients), and hepatic intra-arterial chemotherapy (6 patients).
Sixty-nine patients received postoperative adjuvant chemo-
therapy, which involved oxaliplatin-based regimens (17

patients), irinotecan-based regimens (10 patients), 5-
fluorouracil-based regimens (39 patients), anti-VEGF anti-
bodies (3 patients), anti-EGFR antibodies (3 patients), and
hepatic intra-arterial chemotherapy (6 patients).

Among the 204 cases, the primary tumor could not be
evaluated in 44 cases because the patients underwent primary
resection at another hospital (38 cases) or the histological
specimens had been discarded based on our center’s policy
regarding specimen storage (6 cases). Thus, pathological re-
ports for the primary tumor were available for 160 patients
(151 of the 160 patients had undergone potentially curative
liver resection). A single researcher (TA) was blinded to the
patients’ outcomes and evaluated the pathological findings to
determine the DR categories for the CRLM and the primary
tumor (when available). This study’s protocol was approved
by the relevant institutional review board.

Histological categorization of DRliver

The resected liver metastases had been subjected to hematox-
ylin and eosin staining on glass slides, which were reviewed to
identify keloid-like collagen and myxoid stroma. Keloid-like
collagen was defined as fragmented thick bundles of collagen
with brightly eosinophilic hyalinization, which is typically
observed in a keloid. Myxoid stroma was defined as an amor-
phous stromal substance composed of amphophilic or slightly
basophilic extracellular matrix, which is usually intermingled
with randomly oriented hyalinized collagen [27].

The histological findings for DRliver were categorized as
mature, intermediate, or immature based on the presence of
keloid-like collagen and myxoid stroma (Fig. 1) [26]. The
slides were initially scanned at low-power magnification to
identify myxoid stroma or keloid-like collagen in and around
the entire metastatic liver lesion. DRliver was categorized as
immature when fibrotic stroma with myxoid changes was ob-
served. The minimum amount of myxoid stroma that can be
regarded as immature was the volume that completely filled
the microscopic field of a × 40 objective lens. In tumors with
no myxoid stroma, DRliver was categorized as intermediate
when keloid-like collagen was intermingled with mature stro-
ma, typically with parallel orientation to the mature collagen
fibers. DRliver was categorized as mature when the fibrotic
stroma did not contain myxoid stroma or keloid-like collagen
and was only composed of fine mature collagen fibers strati-
fied into multiple layers.

All available hematoxylin and eosin-stained glass slides
were reviewed, and all metastatic lesions were evaluated in
cases with multiple liver metastases. The final DRliver catego-
rization in cases with multiple metastases was defined as the
least mature DR type among all metastatic lesions. The DR
categorization of the primary tumor (DRprimary) was evaluated
in the reactive fibrous zone at the extramural invasive front, as
previously described [32].
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Statistical analyses

Associations between factors were analyzed using the χ2 test
or Fisher’s exact test, as appropriate. Spearman rank correla-
tion coefficients were calculated for DRliver status and
DRprimary status. Survival curves were compared using the
Kaplan-Meier method and the log-rank test. After the histo-
logical categorization, each clinical and pathological variable
was entered into a Cox proportional hazard regression model
to identify factors that independently predicted postoperative
survival. Differences were considered statistically significant
at P values of < 0.05. All statistical analyses were performed
using JMP® Pro 14 software (SAS Institute, Cary, NC, USA).

Results

Clinicopathological characteristics of each DRliver

category

The hepatic lesions were categorized as mature DRliver (12
cases), intermediate DRliver (101 cases), or immature DRliver

(91 cases). The associations between the DRliver categories
and clinicopathological characteristics are shown in Table 1.

Immature DRliver was significantly associated with a high se-
rum CEA level (P = 0.032; Table 1). Among the 160 patients
with an evaluable primary tumor, DRliver was correlated with
DRprimary (Spearman’s rho = 0.3, P = 0.0001). However,
DRliver was not significantly associated with any of the other
primary tumor characteristics.

Prognostic value of DRliver categorization

The recurrence rates after hepatectomy were 61.3% for mature/
intermediate DRliver and 79.3% for immature DRliver (P =
0.007). However, the DRliver categorization was not significant-
ly correlated with the recurrence pattern. The 5-year RFS rates
after hepatectomy were 33.8% for mature/intermediate DRliver

and 16.7% for immature DRliver (P = 0.0021; Fig. 2). The 5-
year OS rates after hepatectomy were 64.8% for mature/
intermediate DRliver and 35.0% for immature DRliver (P =
0.0012; Fig. 2). We also evaluated whether DRliver had prog-
nostic value in the DRprimary categories, which revealed that
immature DRliver tended to be associated with a poor prognosis
for all DRprimary categories (Fig. 3). In addition, we examined
126 patients who did not receive preoperative chemotherapy,
which revealed that the 5-year RFS rates after hepatectomy
were 37.7% for mature/intermediate DRliver and 18.6% for

Fig. 1 Categorization of desmoplastic reaction in the primary tumor
(DRprimary) and in the colorectal liver metastases (DRliver). a Mature DR
involves fibrotic stroma not accompanied by keloid-like collagen and
myxoid stroma, which is typically composed of fine and elongated col-
lagen fibers stratified into multilayers. b Intermediate DR is identified
based on keloid-like collagen (i.e., fragmented broad bands of collagen

with brightly eosinophilic hyalinization similar to those seen in a keloid).
c Immature DR is identified based on abundant amorphous extracellular
matrix with keloid-like collagen forming the component of myxoid stro-
ma. All images were obtained using a × 20 objective lens and reflect
hematoxylin and eosin staining
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immature DRliver (P = 0.0074). The 5-year OS rates after hep-
atectomy in this group were 61.4% for mature/intermediate
DRliver and 37.8% for immature DRliver (P = 0.065).

Multivariate analyses of RFS and OS

The post-hepatectomy RFS was significantly predicted by the
primary tumor’s T and N status, the timing of liver metastasis,
and DRliver. The multivariate Cox proportional hazard model
revealed that RFS was independently predicted by DRliver and
Tstatus (Table 2). The post-hepatectomy OSwas significantly

predicted by the number of liver metastases, DRliver, and ex-
trahepatic disease. The multivariate Cox proportional hazard
model revealed that OS was independently predicted by
DRliver, the number of liver metastases, and extrahepatic me-
tastasis (Table 2).

Discussion

To the best of our knowledge, the present study is the first to
reveal that DRliver could independently predict RFS and OS

Table 1 DRliver and
clinicopathological characteristics
of primary tumor and liver
metastasis

Parameters Categories No. patients (%) according to DRliver P

Mature/intermediate Immature

Liver metastasis

Timing of metastasis Synchronous 54 (53.5) 47 (46.5) 0.58

Metachronous 59 (57.3) 44 (42.7)

Diameter < 5 cm 91 (58.0) 66 (42.0) 0.18

≥ 5 cm 22 (46.8) 25 (53.2)

Number 1–4 97 (57.7) 71 (42.3) 0.15

≥ 5 16 (44.4) 20 (55.6)

Extrahepatic disease Absence 103 (56.9) 78 (43.1) 0.22

Presence 10 (43.5) 13 (56.5)

CEA (ng/mL)a < 5.3 46 (56.7) 24 (34.3) 0.032

≥ 5.3 65 (50.0) 65 (50.0)

Preoperative chemotherapy Absence 72 (57.1) 54 (42.9) 0.52

Presence 41 (52.6) 37 (47.4)

Postoperative chemotherapy Absence 74 (55.6) 59 (44.4) 0.94

Presence 38 (55.1) 31 (44.9)

Unknown 1 (50.0) 1 (50.0)

Primary tumor

Location Right-sided 25 (61.0) 16 (39.0) 0.44

Left-sided 88 (54.3) 74 (45.7)

Histological type tub1 32 (56.1) 25 (43.9) 0.95

tub2 48 (52.3) 42 (46.7)

por/muc/sig 7 (53.8) 6 (46.2)

T stage T1/2 5 (50.0) 5 (50.0) 0.34

T3 64 (58.2) 46 (41.8)

T4 18 (45.0) 22 (55.0)

N stage N0 42 (61.8) 26 (38.2) 0.16

N1 28 (45.2) 34 (54.8)

N2 17 (56.7) 13 (43.3)

Lymphatic invasion Absence 15 (68.2) 7 (31.8) 0.16

Presence 72 (52.2) 66 (47.8)

Venous invasion Absence 3 (37.5) 5 (62.5) 0.53

Presence 84 (55.3) 68 (44.7)

DR in the primary tumor Mature/intermediate 66 (66.0) 34 (34.0) 0.0001

Immature 21 (35.0) 39 (65.0)

a Among 200 patients for whom the preoperative CEA level was known; CEA, carcinoembryonic antigen; DR,
desmoplastic reaction
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among patients with CRLM. In this context, recent basic re-
search has demonstrated that the tumor microenvironment
plays a major role in regulating metastatic ability and deter-
mining oncological outcomes [1, 9]. A tumor’s DR is reflected
in the formation of excessive fibrous or connective tissue
around the tumor, with cancer-associated fibroblasts playing
an important role in the formation of DR [8, 13]. These cells
also contribute to the microenvironmental regulation of tumor

metastasis, such as tumor angiogenesis, immunosuppression,
tumor cell proliferation and aggressiveness, and genetic insta-
bility [9, 10, 13, 14, 19, 20].

Various cancers can exhibit DR, including colorectal can-
cer and pancreatic cancer [2]. It has been also reported that
pancreatic cancer patients can be divided into three prognostic
groups using our DR categorization criteria [22, 34]. Previous
studies have also indicated substantial intra-observer

Fig. 3 Survival estimates after hepatectomy for colorectal liver
metastases according to desmoplastic reaction in colorectal liver
metastases (DRliver) in each primary tumor’s desmoplastic reaction

categorization (DRprimary). Immature DRliver cases tended to have a
poor prognosis for all DRprimary patterns, with an statistically poor
prognosis for intermediate DRprimary (P = 0.0046)

Fig. 2 Survival estimates after hepatectomy for colorectal liver
metastases according to desmoplastic reaction categorization in
colorectal liver metastases (DRliver). a Rates for mature/intermediate
DRliver (33.8%) and immature DRliver (16.7%) (P = 0.0021). b Rates for

mature/intermediate DRliver (64.8%) and immature DRliver (35.0%) (P =
0.0012). The numbers within parentheses denote the 5-year survival rate.
RFS, relapse-free survival; OS, overall survival
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agreement (kappa = 0.79) and inter-observer agreement (kap-
pa = 0.69) regarding DR categorization [30, 31].

Our previous research has indicated that intermediate
stroma is immunohistochemically characterized by the ex-
cessive deposition of collagen 1 [27], which promotes
cancer proliferation and treatment resistance. [5] In addi-
tion, immature stroma is characterized by hypovascularity
and a restricted distribution of immune cells, with abun-
dant tumor-supporting extracellular components (e.g., fi-
bronectin and tenacin) and intact expression of mismatch
repair gene protein [26, 27, 31, 36]. Thus, the DR cate-
gorization system appears to reflect metastasis-associated
molecular events in the cancer microenvironment, which
may be useful for predicting prognosis among patients
with CRC.

Duda et al. have demonstrated that metastatic cancer cells can
transport their stromal components, including activated fibro-
blasts, from the primary tumor site [6]. The present study also
evaluated the primary and metastatic sites’ DR categorization,
which revealed that DRliver was positively correlated with
DRprimary. This finding implies that the DR categorization of
the metastatic site frequently parallels that of the primary tumor,
although we noted disagreement between the DRliver and
DRprimary for some patients. Takahashi et al. have investigated
metastatic lymph nodes (MLNs) and reported that there was
histopathological heterogeneity between the primary tumors
and their synchronousMLNs [23]. Furthermore,Mori et al. have
demonstrated that accurate prognostication could be achieved
by combining the histological types of the primary tumors and
their synchronous MLNs [17]. We also observed that immature

Table 2 Univariate and multivariate analyses for RFS and OS in patients undergoing hepatectomy for CRLM

Parameters Categories No. RFS No. OS

Univariate Multivariate Univariate Multivariate

5-year
survival (%)

P HR (95%CI) P 5-year
survival (%)

P HR (95%CI) P

Primary tumor

T stage T1/2 10 70.0 0.0026 1 0.013 10 88.9 0.14 –

T3 103 25.6 3.6 (1.3–14.8) 110 47.3

T4 38 9.5 4.6 (1.6–19.5) 40 45.7

N stage N0 65 35.2 0.026 NS 68 59.4 0.086 –

N1 58 15.2 62 45.5

N2 28 21.2 30 34.9

Histological type tub1 54 36.1 0.071 – 57 57.9 0.49 –

tub2 84 19.2 90 45.3

por/muc /sig 13 15.4 13 42.0

Lymphatic invasion Absence 21 33.3 0.84 – 22 52.8 0.67 –

Presence 130 23.6 138 48.7

Venous invasion Absence 7 57.1 0.35 – 8 58.3 0.95 –

Presence 144 23.6 152 48.9

Liver metastasis

Timing of metastasis Synchronous 82 14.8 0.0006 NS 88 44.9 0.39 –

Metachronous 69 37.3 72 55.2

Tumor diameter (mm) < 50 117 28.2 0.25 – 126 51.1 0.33 –

≥ 50 34 14.7 34 44.5

Number < 5 125 27.0 0.10 132 54.5 0.0019 1 0.0054

≥ 5 26 15.4 28 26.5 2.1 (1.3–3.4)

DRliver Mature/intermediate 81 32.5 0.0069 1 0.021 87 63.7 0.0054 1 0.0072

Immature 70 16.0 1.6 (1.1–2.2) 73 33.6 1.8 (1.2–2.9)

Extrahepatic disease Absence 138 53.7 0.15 – 139 53.7 0.0018 1 0.0035

Presence 13 15.4 21 23.8 2.5 (1.4–4.2)

CEA (ng/mL) < 5.3 53 27.0 0.27 – 60 57.1 0.092 –

≥ 5.3 92 24.1 97 45.8

NS, not selected; RFS, relapse-free survival; OS, overall survival; CRLM, colorectal liver metastasis; DR, desmoplastic reaction
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DRliver was associated with a poor prognosis for each DRprimary

category, especially for the intermediate DRprimary category. This
relationship may be explained by the fact that many patients
underwent hepatectomy at varying intervals after the primary
resection, which suggests that the DRliver status may reflect the
most recent malignant potential and provide better prognostic
value relative to the DRprimary status.

Preoperative chemotherapy might have a significant effect
on tumor histology, including stromal status. Thus, we also
evaluated patients who did not receive preoperative chemo-
therapy and confirmed a similar trend in the relationship be-
tween DRliver status and prognosis. However, there was only a
marginally significant difference in the OS rates (the numeri-
cal results are noticeably different [61.4% vs. 37.8%], and
while the P value does not meet the cut-off for significance,
it is fairly close [P = 0.065]). The absence of a significant
difference may be related to the small number of patients
without preoperative chemotherapy, which would have limit-
ed the power of the analyses. In addition, the group of patients
without preoperative chemotherapy included many cases with
a small number of liver metastases, which also had relatively
small diameters. Thus, these patients would be expected to
have a good prognosis and experience few events, which
might help explain the absence of a significant difference. A
recent study also revealed that the effects of anti-VEGF ther-
apy depend on the status of the invasive front in CRLM [7]. In
the present study, 20 patients received preoperative chemo-
therapy that included anti-VEGF antibodies, although the
use of anti-VEGF antibodies was not significantly related to
the distribution of the DRliver patterns (data not shown).

We acknowledge that the present study has several limita-
tions. First, the study sample was relatively small and was
treated at a single center. Second, the study’s design was ret-
rospective, with patients receiving various treatments before
or after the hepatectomy, including adjuvant chemotherapy.
Thus, additional multi-center studies are needed to determine
whether DRliver categorization can be used in clinical practice,
and whether this factor can predict the therapeutic effect of
postoperative adjuvant chemotherapy.

In conclusion, the present study revealed that the DR cate-
gorization could be evaluated for CRLM, similar to its evalu-
ation for the primary tumor. In addition, the DRliver status was
positively correlated with the DRprimary status, which implies
that stromal components accompany cancer cells to distant
metastatic sites. Thus, both cancer cells and the stroma should
be considered therapeutic targets in cancer treatment strate-
gies. Furthermore, immature DRliver was associated with a
poor prognosis after hepatectomy. Therefore, evaluating
DRliver could provide more precise information regarding tu-
mor aggressiveness at the metastatic site.
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