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ABSTRACT

Background. Fibrotic tumor stroma (FTS) has been impli-
cated in cancer promotion in several neoplasms. The histo-
logical features of FTS are convenient and easily accessible
in clinical routine in intrahepatic cholangiocarcinoma (ICC)
specimens. The goal of this study was to explore prognostic
impacts of the quantity and maturity of FTS on surgical ICC
patients. Moreover, we aimed to propose an efficient prog-
nostic nomogram for postoperative ICC patients.
Materials and Methods. The clinical profiles of 154 consecu-
tive postoperative ICC patients were retrospectively analyzed.
Tumor‐stroma ratio and morphological maturity of FTS were
evaluated on hematoxylin and eosin‐stained tumor sections.
CD3, CD8, and α‐smooth muscle actin (α‐SMA) staining were
performed on corresponding tissue microarrays. The nomo-
gram was established on variables selected by multivariate
analyses and was validated in 10‐fold cross‐validation.

Results. Rich tumor stroma and strong α‐SMA expression
were associated with poor overall survival (OS). However, in
multivariate analyses, these two biomarkers failed to stratify
both OS and recurrence‐free survival (RFS). Immature FTS
was correlated with tumor multiplicity, advanced clinical
stage, and sparser CD3 and CD8 positive tumor‐infiltrating
lymphocytes (TILs) and was identified as an independent
prognostic indicator for both OS and RFS. The nomogram
comprising FTS maturity, tumor number, microvascular inva-
sion, and lymph node metastasis possessed higher predictive
power relative to conventional staging systems.
Conclusion. Immature FTS was an independent risk factor for
survival and was associated with sparser CD3 and CD8 positive
TILs in ICC. The prognostic nomogram integrating the maturity
of FTS offers a more accurate risk stratification for postopera-
tive ICC patients. The Oncologist 2018;23:1482–1493

Implications for Practice: Accumulating evidence has suggested that fibrotic components in tumor microenvironment
(TME) play a complicated and vital role in TME reprogramming and cancer progression. However, in clinical practice,
the evaluation of fibrotic tumor stroma (FTS) is still neglected to some extent. This study's findings indicated that, in
intrahepatic cholangiocarcinoma (ICC), the histological maturity of FTS is a robust prognostic indicator for patients
who underwent curative resection. Moreover, prognostic nomogram constructed on the maturity of FTS possessed
higher predictive power relative to the conventional tumor‐node‐metastasis staging systems. Taken together, the eval-
uation of FTS should be emphasized in clinical routine for more accurate prognostic prediction in postoperative ICC
patients.
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is the second most
common liver malignancy, ranking behind hepatocellular car-
cinoma (HCC) [1,2]. Although ICC is far less prevalent than
HCC, its incidence has been steadily increasing worldwide
[3]. Improving the survival of ICC patients has long been a
tricky problem, because ICC represents a unique clinical
entity: asymptomatic at early stage and no treatment other
than surgical resection offers the chance for a cure [4]. As a
result, only a small proportion of patients who present at an
early stage are eligible for resection. To make it worse, for
patients who underwent surgical resection, the recurrence
rate is high, along with a 5‐year overall survival (OS) rate in
the range of 14%–40% [5–7]. Therefore, the exploration of
prognostic factors that facilitate the risk stratification and
further clinical decision‐making is of great value.

Tumor stroma or tumor microenvironment (TME), which
comprises immune cells, cancer‐associated fibroblasts (CAFs),
capillaries, and extracellular matrix (ECM) around cancer cells,
has drawn increasing attention in predicting tumor prognosis,
attributed to that the aggressiveness of cancer is not only up
to cancer cell‐autonomous defects but also depends on TME
functions [8]. CAFs have been observed to play a vital role in
TME—they participate in the synthesis of ECM and the meta-
bolic and immune reprogramming of TME, and their quantity
and quality may act as critical determinants of cancer cell
behavior and disease progression [8]. Tumor‐stoma ratio (TSR),
which reflects the quantity of fibrotic tumor stroma (FTS)
within solid tumors, has been identified as a prognostic indica-
tor in several cancer types. Stroma‐rich patients were observed
to have significant poorer prognosis in colorectal cancer (CRC),
breast cancer, and HCC [9–11]. On the other hand, several
studies that define the quality of FTS through its morphological
characteristics, collagen deposition, and α‐smooth muscle actin
(α‐SMA) expression have manifested that the maturity of CAFs
also has a significant impact on patient prognosis [12–15].
However, clinically, the evaluation of fibrotic components of
tumor stroma is neglected to some extent in ICC.

Different from HCC, ICC progresses more rapidly and
causes excessive desmoplastic reaction. However, research
that unravels the association between the morphological fea-
tures of FTS and prognosis is scarce. In 1999, Kajiyama et al.
categorized 48 surgically resected ICC cases into “scirrhous‐
type” and “nonscirrhous‐type” according to whether the scir-
rhous area was more than 70% in the largest cut surface and
observed that their categorization only stratified OS in uni-
variate analysis [16]. But few studies have elucidated
whether TSR, an updated and widely validated quantitative
marker for stroma, performed better in discriminating prog-
nosis in ICC. On the other hand, recently, Shao et al. summa-
rized prognostic significances of a range of stroma‐derived
biomarkers including α‐SMA expression and histological clas-
sification of CAFs in 71 ICC cases. Intriguingly, only their
dichotomization on the morphological maturity of CAFs was
identified as an independent prognostic factor for OS [17].
However, the sample size was small, and they did not offer a
way to apply their results in clinical practice.

Based on the abovementioned limitations of previous
studies, it is reasonable to evaluate the prognostic significance

of TSR, the maturity of FTS, and α‐SMA expression together
in a larger cohort of ICC. Furthermore, we wished to establish
a prognostic nomogram based on our findings to offer a sim-
ple and intuitional way to predict survival with reference to
histological features of FTS in ICC. The CD3+ and CD8+
tumor‐infiltrating T lymphocytes (TILs) were analyzed to
explore a rational basis of our findings concerning FTS.

MATERIALS AND METHODS

Patients
The clinicopathological profiles of 154 consecutive patients
who underwent curative resection for ICC from August 2005
to December 2014 in Zhongshan Hospital, Fudan University
were retrospectively reviewed. The flow chart for patient
selection is shown in supplemental online Figure 1. All the
enrolled patients met the following inclusion criteria: patho-
logically confirmed ICC; received no preoperative anticancer
treatments; no history and concurrence of other malignant
tumors; complete removal of macroscopic tumors and histo-
pathologically confirmed negative resection margin; and
complete clinicopathological and follow‐up data. Patients
with mixed cancers or distant metastasis before the surgery
were excluded. All the patients signed informed consent
before surgery that permitted the use of resected tumors
and clinical profiles in research under the condition of ano-
nymity. The study was approved by the Clinical Research
Ethics Committee of Zhongshan hospital.

Preoperative blood tests comprising liver function
parameters, α‐fetoprotein, CA19‐9, and carcino‐embryonic
antigen were performed within 3 days before operation.
The liver function was assessed by the Child‐Pugh classifi-
cation and the albumin‐bilirubin grade [18]. The clinical
staging was based on the American Joint Committee on
Cancer (AJCC) 8th edition and the Liver Cancer Study
Group of Japan (LCSGJ) staging system [19,20].

Follow‐Up
Postoperative follow‐up was carried out every 1–6 months
after discharge as described in our previous study [21]. Sero-
logical tumor biomarkers, abdominal ultrasonography, and
chest X‐ray were routinely monitored in each follow‐up. For
patients with suspected recurrence or distal metastasis, com-
puted tomography and/or magnetic resonance imaging were
performed to confirm. The recurrence‐free survival (RFS) time
was calculated from the date of surgery to the date when
recurrence was first identified. The OS was defined as the
time interval from surgery to death. For patients without a
documented RFS/OS event, the data were censored at the
last follow‐up. The median follow‐up time of the current
study was 20.1 months (range 2.4–79.1 months).

Determination of TSR, Morphological Categorization,
and α‐SMA Evaluation of CAFs
The TSR and morphological categorization was determined
on 5‐μm hematoxylin and eosin‐stained tumor sections. As
described in previous studies, the area with the highest pro-
portion of stroma was used to determine the final result
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concerning tumor heterogeneity [9,10]. In addition, only
areas that were surrounded by tumor cells were considered
in order to avoid the interference from peripheral regions of
the tumor. The photos of the representative area were taken
with 10× objective (Fig. 1A, 1B). The proportion of stroma
area was estimated via the software Image Pro‐Plus version
6.0 (Media Cybernetics, Rockville, MD).

As indicated in previous studies, FTS was classified as
“mature,” “intermediate,” and “immature” types according
to the morphology of stroma at the invasive frontal area
(Fig. 1C) [12,14,22]. Immature FTS was characterized by
myxoid stroma with randomly oriented short keloid‐like
collagen bundles (Fig. 1D). In a moderate tumor stroma,
broad bands of collagen with brightly eosinophilic hyalini-
zation, which were similar to those in a keloid, were inter-
mingled with mature fibers (Fig. 1E). Mature FTS was
characterized by multilayered fine elongated collagen fibers
with intense staining (Fig. 1F).

Immunohistochemistry (IHC) for α‐SMA was performed
on the tissue microarrays (TMA) of the enrolled patients
according to standard protocol (Abcam, Cambridge, U.K.;
Clone 1A4, dilution 1:2000). To make TMAs, representative
areas of tumors were selected under a hematoxylin and
eosin‐stained section of tumor block. Duplicate cores of 1 mm
diameter were representative of tumors from each individual.
The slides were scanned by Pannoramic MIDI and evaluated
through Pannoramic Viewer (3DHISTECH, Budapest, Hungary).
The immune stain density of α‐SMA was semi‐quantified by
H‐score with the assistance of a DensitoQuant module from
3DHISTECH. The H‐score was determined by the percentage
of immunoreactive cells multiplied by the corresponding
staining intensity ranging from 0 to 12. For each individual,
the final H‐score for α‐SMA expression was represented by
the average H‐score of duplicates in TMA. The optimal cutoff
value of H‐score of α‐SMA expression was determined by X‐
tile (New Haven, CT) for optimal survival separation.

Figure 1. Representative images of intrahepatic cholangiocarcinoma (ICC) with different histological fibrotic tumor stroma fea-
tures. Tumor‐stoma ratio: Stroma rich (A) and stroma poor (B; original magnification, ×100). Histological classification of fibrotic
stroma in ICC: Invasive frontal area of ICC (C; original magnification, ×100); immature: myxoid stroma with randomly oriented
short keloid‐like collagen bundles (D); intermediate: keloid‐like collagen intermingled with mature fibers (E); mature: fine elon-
gated collagen fibers (F; original magnification, ×200). Representative microphotographs of weak (G), moderate (H), and strong (I)
expression of α‐smooth muscle actin in tissue microarrays (original magnification, ×200).
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Quantification of the TILs
To perform IHC staining of CD3 and CD8, mouse monoclo-
nal antibodies of CD3 and CD8 (Abcam) were purchased
and used in dilutions of 1:200 and 1:1,000, respectively.
The TMAs were then digitalized, and the stained T cells
were calculated in the same manner as described in our
previous studies [23,24]. In brief, for each individual, the
stained T cell counts were determined by the average of
five independent microscopic fields (×400) with densest
lymphocytic infiltrates.

All slides and TMAs were independently evaluated by
two investigators (C‐Y.J. and Y‐P.F.) blinded with the clinical
profiles of the patients. In the case of discordance, the two
observers resolved the final score together.

Statistical Analysis
Statistical analysis was performed by SPSS version 21.0
(IBM, Armonk, NY) and R project version 3.4.0 (http://www.
r-project.org/). Inter‐rater reliability was evaluated by
Cohen's kappa coefficient. Differences between groups were
identified by Pearson's chi‐squared test, Fisher's exact test,
Mann‐Whitney U test, or Kruskal‐Wallis test as appropriate.
Univariate analysis and multivariate analysis were conducted
by the Cox proportional hazards model. The survival curves
of OS and the RFS were plotted by the Kaplan‐Meier
method and compared via the log‐rank test. The prognostic
nomogram was established based on variables selected by
multivariate analyses and cross‐validated by using the rms
package in R project. The performance of the nomogram
was evaluated by Concordance index (C‐index), calibration
curve, and the decision curve analysis (DCA) as previously
described [25,26]. The optimal cutoff value of the continu-
ous variable was determined by X‐tile [27].

RESULTS

Clinicopathological Profiles
The detailed clinicopathological characteristics are presented
in Table 1. The median OS time was 28.8 months (range
2.4–79.1 months). The 1‐, 3‐, and 5‐year OS rates were
72.6%, 46.9%, and 35.4%, respectively. The median RFS time
was 13.6 months (range 1.0–74.6 months). The 1‐, 3‐, and
5‐year RFS rates were 54.5%, 32.5%, and 29.8%, respec-
tively. The follow‐up time, OS time, and RFS time for ICC
subgroups with different TSR, maturity of FTS, and α‐SMA
expression were listed in supplemental online Table 1.

Correlation Between Tumor‐Stromal Features and
Clinicopathological Characteristics in ICC Patients
In consideration of the strong desmoplastic reaction in ICC,
the cutoff value of TSR in ICC was reconfirmed via Image
Pro‐Plus. The median of TSR was 47.0% (range 5.0%–
96.0%). The optimal cutoff value of TSR in ICC was 50%
according to X‐tile analysis, which was in accordance with
the cutoff values of previous studies [28]. As shown in
Table 1, 59 patients (38.3%) were classified as stroma‐poor
and 95 patients (61.7%) were classified as stroma‐rich. In
terms of cancer stroma maturity, the number of patients
classified as mature, intermediate, and immature were

28 (18.2%), 90 (50.4%), and 36 (23.4%), respectively.
According to X‐tile's calculation on H‐scores for α‐SMA
expression, 84 (54.5%), 52 (33.8%), and 18 (11.7%) individ-
uals were sorted into subgroups with weak, moderate, and
strong α‐SMA expression, respectively (supplemental
online Table 2). The kappa coefficient of evaluation for
TSR, FTS maturity, and α‐SMA expression were 0.87, 0.83,
and 0.89, respectively, which indicate good agreement
between observers.

As illustrated in Table 1, immature FTS was associated
with tumor multiplicity (p = .006) and advanced clinical stage
(p = .041 and p = .033 for AJCC and LCSGJ, respectively).
Strong α‐SMA expression was correlated with advanced clin-
ical stage (supplemental online Table 2; p = .003 and p = .001
for AJCC and LCSGJ, respectively). No significant correlations
were observed between clinical profiles and TSR.

Pairwise correlation analyses were also performed
among the stroma‐derived variables. The Spearman's corre-
lation test showed that immature FTS was significantly asso-
ciated with abundant tumor stroma (supplemental online
Table 3; p = .01 and ρ = 0.207). No correlation was found
between the α‐SMA expression and the other two stroma‐
derived variables (supplemental online Table 3; Spearman's
correlation test for α‐SMA and TSR, p = .833; for α‐SMA and
maturity of FTS: p = .07).

Prognostic Significance of Stromal Features in ICC
Patients
Kaplan‐Meier survival curves that depict the survival of
patients with different TSR, FTS maturity, and α‐SMA
expression are shown in Figure 2. The results of univariate
and multivariate analyses are detailed in Table 2. TSR and
α‐SMA expression were found to stratify OS in univariate
analysis (p = .017 and p = .019 for TSR and α‐SMA, respec-
tively) but failed to discriminate prognosis in multivariate
analysis. Immature FTS was identified as an independent
risk factor for unfavorable OS (p < .001, hazard ratio [HR] =
2.562, 95% confidence interval [CI] 1.730–3.793) and RFS
(p < .001, HR = 2.311, 95% CI 1.614–3.310)

Tumor multiplicity and the presence of microvascular
invasion (MVI) were also found to be independent prog-
nostic factors for both OS and RFS. The presence of lymph
node (LN) metastasis was observed to be an independent
prognostic indicator for OS (p < .001, HR = 2.990, 95% CI
1.614–5.538) but was not significant in multivariate ana-
lyses for RFS (p = .66, HR = 1.727, 95% CI 0.965–3.091).

Correlation Between Stromal Features and
Intratumoral T Cell Counts
The representative images of CD3 and CD8 staining are shown
in Figure 3A, 3B. The CD3+ and CD8+ TIL counts of subgroups
with different stromal features are detailed in supplemental
online Table 4. As illustrated in Figure 3C, 3D, both CD3+ and
CD8+ TIL counts rose as the maturity of FTS increased (p
= .015 and p = .01 for CD3+ and CD8+ TILs, respectively). The
correlation analyses also validated that immature FTS was sig-
nificantly associated with sparser intratumoral CD3‐ and CD8‐
positive T cells (ρ = 0.224, p = .006 and ρ = 0.249, p = .002,
respectively; supplemental online Table 4).
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Table 1. Correlations between clinicopathological features and histological characteristics of FTS in patients with
intrahepatic cholangiocarcinoma

Variables

TSR

p value

Maturity of FTS

p value
Stroma‐poor Stroma‐rich Mature Intermediate Immature
n (%) n (%) n (%) n (%) n (%)

All patients 59 (38.3) 95 (61.7) 28 (18.2) 90 (58.4) 36 (23.4)

Liver cirrhosis .144 .634

Absent 53 (89.8) 77 (81.1) 25 (89.3) 74 (82.2) 31 (86.1)

Present 6 (10.2) 18 (18.9) 3 (10.7) 16 (17.8) 5 (13.9)

ALBI score .648 .539

1 46 (78.0) 71 (74.7) 19 (67.9) 70 (77.8) 28 (77.8)

2 13 (22.0) 24 (25.3) 9 (32.1) 20 (22.2) 8 (22.2)

Child‐Pugh grade .168 .655

A 59 (100.0) 92 (96.8) 27 (96.4) 89 (98.9) 35 (97.2)

B 0 (0) 3 (3.2) 1 (3.6) 1 (1.1) 1 (2.8)

HBsAg .915 .211

Negative 39 (66.1) 62 (65.3) 17 (60.7) 56 (62.2) 28 (77.8)

Positive 20 (33.9) 33 (34.7) 11 (39.3) 34 (37.8) 8 (22.2)

Tumor size .823 .092

≤5 cm 25 (42.4) 42 (44.2) 13 (46.4) 44 (48.9) 10 (27.8)

>5 cm 34 (57.6) 53 (55.8) 15 (53.6) 46 (51.1) 26 (72.2)

Tumor differentiation, I–II/III–IV .755 .233

I–II 49 (83.1) 77 (81.1) 20 (71.4) 77 (85.6) 29 (80.6)

III–IV 10 (16.9) 18 (18.9) 8 (28.6) 13 (14.4) 7 (19.4)

Tumor number .865 .006

Single 44 (74.6) 72 (75.8) 26 (92.9) 69 (76.7) 21 (58.3)

Multiple 15 (25.4) 23 (24.2) 2 (7.1) 21 (23.3) 15 (41.7)

LN metastasis .888 .26

Absent 52 (88.1) 83 (87.4) 27 (96.4) 78 (86.7) 30 (83.3)

Present 7 (11.9) 12 (12.6) 1 (3.6) 12 (13.3) 6 (16.7)

MVI .648 .698

Absent 46 (78) 71 (74.7) 23 (82.1) 67 (74.4) 27 (75.0)

Present 13 (22) 24 (25.3) 5 (17.9) 23 (25.6) 9 (25.0)

CA19‐9a .893 .461

≤37 U/L 27 (47.4) 43 (46.2) 15 (53.6) 42 (47.7) 13 (38.2)

>37 U/L 30 (52.6) 50 (53.8) 13 (46.4) 46 (52.3) 21 (61.8)

AFPa .971 .092

≤20 ng/mL 52 (91.2) 85 (91.4) 27 (96.4) 82 (93.2) 28 (82.4)

>20 ng/mL 5 (8.8) 8 (8.6) 1 (3.6) 6 (6.8) 6 (17.6)

CEAa .302 .296

≤5 ng/mL 48 (84.2) 71 (76.3) 25 (89.3) 69 (78.4) 25 (73.5)

>5 ng/mL 9 (15.8) 22 (23.7) 3 (10.7) 19 (21.6) 9 (26.5)

AJCC 8th edition .762 .041

I–II 46 (78.0) 76 (80.0) 19 (67.9) 44 (48.9) 13 (36.1)

IIIa–IIIb 13 (22.0) 19 (20.0) 9 (32.1) 46 (51.1) 23 (63.9)

LCSGJ stage .930 .033

I–II 30 (50.8) 49 (51.6) 20 (71.4) 45 (50.0) 14 (38.9)

III–IVa 29 (49.2) 46 (48.4) 8 (28.6) 45 (50.0) 22 (61.1)

p values <.05 marked in bold font show statistical significance.
aIn four patients, the data of CA19‐9, CEA, and AFP were not available.
Abbreviations: AFP, α‐fetoprotein; AJCC, American Joint Committee on Cancer; ALBI, albumin‐bilirubin; CEA, carcinoembryonic antigen; FTS,
fibrotic tumor stroma; HBsAg, Hepatitis B virus surface antigen; LCSGJ, the Liver Cancer Study Group of Japan; LN, lymph node; MVI, microvascu-
lar invasion; TSR, tumor‐stroma ratio.
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Weak α‐SMA expression was correlated with denser
CD3‐ and CD8‐positive TILs (ρ = −0.186, p = .022 and ρ =
−0.265, p = .001, respectively; supplemental online Table 4).
Compared with stroma‐poor cases, stroma‐rich cases were
observed to have significantly decreased CD3+ TILs (p
= .006) but comparable CD8+ TILs (p = .349).

Construction and Validation of the Prognostic
Nomogram
The prognostic nomogram constructed based on results of
multivariate analyses is shown in Figure 4A, 4E. As shown
in Table 3, the C‐indices of the nomogram for OS and RFS

prediction were 0.752 (95% CI 0.698–0.806) and 0.711
(95% CI 0.660–0.762), respectively.

The calibration plots for the probability of OS at 1, 2, and
3 years after surgery showed good agreement between the
prediction by nomogram and the actual observation (Fig. 4B–
4D). The calibration plots for the probability of RFS at 1, 2, and
3 years after surgery showed optimal consistency between pre-
diction by nomogram and the actual observation (Fig. 4F–4H).

Due to limited sample size, we used 10‐fold cross‐valida-
tion instead of validation in another independent cohort to
avoid overfitting, which may lead to misunderstanding of
the predictive power of the predictive models. As detailed

Figure 2. Kaplan‐Meier curves for patients with intrahepatic cholangiocarcinoma according to TSR, FTS maturity, and α‐SMA expres-
sion. Patients with stroma‐rich tumor (A), immature FTS (C), and strong α‐SMA expression (E) were observed to have significantly
unfavorable overall survival. Patients with immature FTS were associated with significant poorer recurrence‐free survival (RFS; D).
No significant differences in RFS were found between patients with different TSR (B) and α‐SMA expression levels (F). p values were
calculated by log‐rank test.
Abbreviations: FTS, fibrotic tumor stroma; SMA, smooth muscle actin; TSR, tumor‐stroma ratio.
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in Table 3, the corrected C‐indices of 10‐fold cross‐validation
of the nomogram for OS and RFS prediction were 0.745 and
0.706, respectively, which indicated that the constructed
nomogram was a reliable and robust predictive model.

Comparative Performances of the Predictive Models
The predictive capability of the prognostic nomogram and
the staging systems were compared in terms of the C‐index
and the Akaike information criterion (AIC) [29]. The larger
the C‐index is, the more accurate the predictive model is,
whereas for AIC, the smaller, the more accurate [30]. The
prognostic nomogram possessed the largest C‐index and
the smallest AIC relative to AJCC 8th edition and LCSGJ
stage, which indicated the nomogram to be a superior pre-
dictive model (C‐index comparison: nomogram vs. AJCC, p
< .001 for both OS and RFS prediction; nomogram vs. LCSGJ,
p < .05 for OS prediction and p = .004 for RFS prediction).

To further verify the superiority of the nomogram, we
performed DCA, a method to assess predictive models
based on their clinical usefulness [31]. On DCA, the

nomogram showed better net benefit within a wider range
of threshold probability and improved performance com-
pared with AJCC 8th edition and LCSGJ stage in predicting
2‐ and 3‐year OS (Fig. 4I–4K) and RFS (Fig. 4L–4N). Taken
together, the nomogram represents a more accurate and
reliable predictive model relative to the conventional stag-
ing systems.

DISCUSSION

In this study, we uncovered the associations between histolog-
ical characteristics of FTS and prognosis in surgical cases for
ICC. TSR, the most commonly used marker to quantify FTS,
was not identified as an independent prognostic indicator for
prognosis in ICC, whereas the histological classification on the
maturity of FTS was identified as an independent prognostic
factor for both OS and RFS. Moreover, we found that imma-
ture FTS was significantly associated with sparser intratumoral
CD3‐ and CD8‐positive T cells. This phenomenon provided a
reasonable explanation to our findings that patients with

Figure 3. Images of CD3‐ and CD8‐positive T cells and their infiltration patterns in patients with different maturity of FTS. Repre-
sentative images of CD3 (A) and CD8 (B) immunohistochemistry staining (magnification ×50 for full views and ×200 for zoomed‐in
views). The counts of CD3‐ (C) and CD8‐ (D) positive tumor‐infiltrating lymphocytes rose as the maturity of FTS increased.
p values were generated by Kruskal‐Wallis test.
Abbreviations: FTS, fibrotic tumor stroma; TIL, tumor‐infiltrating lymphocyte.
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immature FTS had significantly shortened survival time. In the
end, we established a prognostic nomogram incorporating the
maturity of FTS. This nomogram represents a simpler and
more accurate predictive model compared with conventional
staging systems in risk stratification for postoperative ICC.

TSR has been identified as an independent prognostic
indicator in several cancer types, such as HCC, breast cancer,
and CRC [10,11,28]. Although the underlying biological mech-
anism has yet to be elucidated, evidence that suggests the

negative impact of stroma‐rich tumors on patient prognosis
is mounting [9]. Recently, a meta‐analysis that reviewed
14 studies on eight different types of malignancies found that
TSR was correlated with unfavorable OS (p < .001, pooled HR
= 1.89; 95% CI 1.56–2.29) and disease‐free survival (p < .001,
pooled HR = 2.10; 95% CI 1.67–2.63). Moreover, stroma‐rich
cancer was prone to have advanced clinical stage (p = .012;
pooled odds ratio [OR] = 1.68; 95% CI 1.20–2.51) and LN
metastasis (p = .008; pooled OR = 1.72; 95% CI 1.16–2.55)

Figure 4. Prognostic nomogram, calibration curves, and decision curve analyses. Prognostic nomogram integrating FTS maturity for OS
(A) and RFS (E) prediction (Draw a vertical line from the variable axis to the “Points” axis to determine the points of each variable of an
individual. Sum these numbers together, and you will get the total points of the patient. Then draw a downward vertical line from the
“Total Points” axis to get a nomogram‐predicted likelihood of 1‐, 3‐, and 5‐year OS/RFS). The calibration curves for OS prediction at 1 year
(B), 2 years (C), and 3 years (D); RFS prediction at 1 year (F), 2 years (G), and 3 years (H) after surgery. Nomogram‐predicted probability
of survival is plotted on the x axis, and actual survival is plotted on the y axis. The dashed line shows perfect calibration when predicted
survival coincides with the observed survival. Decision curve analyses depict the clinical net benefit in pairwise comparisons among differ-
ent models. Nomogram is compared with the AJCC 8th edition, LCSGJ stage in terms of 1‐ (I), 2‐ (J), and 3‐year (K) OS and 1‐ (L), 2‐ (M),
and 3‐year (N) RFS. Dashed lines indicate the net benefit of the predictive models across a range of threshold probabilities (black: nomo-
gram; red: AJCC 8th edition; green: LCSGJ; blue: stroma maturity). The horizontal solid black line assumes that no patient will experience
the event, and the solid gray line assumes that all patients will experience the event. On decision curve analyses, the nomogram repre-
sents a predictive model with higher net benefit relative to other counterparts across a wider range of threshold probabilities.
Abbreviations: AJCC, American Joint Committee on Cancer; DCA, decision curve analysis; FTS, fibrotic tumor stroma; LCSGJ, Liver Cancer
Study Group of Japan; LN, lymph node; MVI, microvascular invasion; OS, overall survival; RFS, recurrence‐free survival.
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[28]. However, in our study on ICC, TSR was not an indepen-
dent prognostic factor for survival (p = .189, HR = 1.399, 95%
CI 0.848–2.309 for OS; p = .488, HR = 1.160, 95% CI 0.763–
1.763). This was consistent with the study of Kajiyama et al.
[16]. We also reconfirmed the cutoff value of TSR via X-tile in
case that ICC might have a different optimal cutoff value for
TSR because of its strong desmoplastic nature. It turns out
that the optimal cutoff value of TSR remains 50%, which was
in accordance with previous studies [28]. Because the litera-
ture on the correlation of TSR and prognosis of ICC was lim-
ited, we further searched similar studies in pancreatic ductal
adenocarcinoma (PDAC), another malignancy featured with
excessive desmoplastic reaction [12]. Intriguingly, in PDAC,
studies revealing the association between the histological
features of FTS and survival were plentiful, whereas prognos-
tic significance of TSR was limited [12,13]. In addition, 61.6%
of patients (n = 95) in our study were classified as stroma‐
rich, which was higher than most studies in the abovemen-
tioned meta‐analysis [28]. Presumably, for tumors with exces-
sive desmoplastic reaction, TSR, which reflects the quantity
of FTS, is insufficient to stratify prognosis; thus, the prognos-
tic significance of quality of FTS should be explored.

We categorized FTS into three tiers (immature vs. inter-
mediate vs. mature), as previously proposed by Ueno et al. in
their study concerning rectal cancer, and found that imma-
ture FTS was an independent risk factor for both OS and RFS
[14]. These findings were in line with the previous study in
ICC by Shao et al., in which the CAFs were dichotomized into
“immature” and “mature” phenotypes [17]. Furthermore, in
two studies on PDAC, immature FTS was also found to have
a negative impact on survival [12,22]. To further investigate
the underlying mechanism of our finding that immature FTS
predicted poor survival, we performed IHC staining of CD3‐
and CD8‐positive TILs in TMAs. We observed that the matu-
rity of FTS was positively correlated with both CD3+ and CD8
+ TIL counts, which was consistent with previous reports on
rectal cancer [14]. Because CD3+ and CD8+ TIL counts were
widely validated prognostic indicators in cancer [24], we also
calculated the C‐index and AIC of CD3+ and CD8+ TIL counts

for a brief assessment on their predictive power in ICC. As
listed in Table 3, the predictive power of CD8+ TIL counts sur-
passed CD3+ TIL counts with a C‐index of 0.637 (95% CI
0.576–0.697) and 0.622 (95% CI 0.563–0.680) for OS and RFS
prediction, respectively. Intriguingly, the maturity of FTS
remained as the variable with highest accuracy for both OS
and RFS prediction in comparison with CD3+ and CD8+ TIL
counts. Taken together, our findings supported the previous
presumption proposed by Ueno et al. that immature FTS indi-
cated the possibility of tumor immune escape [14]. Although
the molecular mechanism that associates immature FTS to
immune escape and poor survival in ICC has yet to be unra-
veled, from the perspective of clinical practice, the evaluation
of maturity of FTS is time‐saving, affordable, and convenient.

In this study, the correlation between α‐SMA expression
and maturity of FTS failed to achieve a statistical significance
(p = .07). This finding was counterintuitive because, theoreti-
cally, both α‐SMA expression and maturity of FTS were bio-
markers reflecting characters of fibrotic stroma. To address
this issue, we reviewed relevant literature and found that
discrepant results on correlation between α‐SMA expression
and maturity of FTS already existed in previous studies on
PDAC [12,22]. Fokas et al. evaluated α‐SMA and FTS matu-
rity on tissue section and reported that the correlation
between α‐SMA expression and maturity of FTS was not
significant (p = .370) [22]. However, Sinn et al. reported
that α‐SMA expression and stroma density were strongly
correlated (p = .005) based on their observations in TMAs
[12]. Taken together, the confusing discrepancies may in
part lie in the material, because Fokas et al. used tissue sec-
tions whereas Sinn et al. used tissue microarrays. Beyond
that, it is also noteworthy that the maturity of FTS has been
reported to possess higher accuracy compared with α‐SMA
expression in prognosis stratification in both PDAC and ICC
[12,17,22]. The molecular basis that supports the robust
prognostic value of the maturity of FTS merits further study.

Our multivariate analyses showed that, besides the matu-
rity of FTS, tumor multiplicity, the presence of MVI, and LN
metastasis were independent risk factors for survival, which

Table 3. Predictive accuracy of predictive models in terms of C‐index and AIC in overall survival and recurrence‐free
survival prediction

Variables

OS RFS

C‐index 95% CI
Corrected
C‐indexa AIC C‐index 95% CI

Corrected
C‐indexa AIC

Nomogram 0.752 0.698–0.806 0.745 682.447 0.711 0.660–0.762 0.706 807.488

LCSGJ stage 0.682 0.627–0.737 0.673 706.672 0.632 0.580–0.684 0.633 828.409

AJCC 8th
edition

0.668 0.606–0.730 0.665 720.051 0.605 0.549–0.661 0.609 840.052

Maturity of
FTS

0.660 0.605–0.714 0.667 710.544 0.648 0.598–0.697 0.641 817.811

CD3+ TIL
counts

0.569 0.504–0.634 0.571 733.214 0.576 0.515–0.637 0.577 849.571

CD8+ TIL
counts

0.637 0.576–0.697 0.640 718.761 0.622 0.563–0.680 0.615 841.268

The larger the C‐index is, the more accurate the predictive model is, whereas for AIC, the smaller, the more accurate.
aCorrected C‐index was generated by 10‐fold cross‐validation.
Abbreviations: AIC, Akaike information criterion; AJCC, American Joint Committee on Cancer; CI, confidence interval; C‐index, concordance index;
FTS, fibrotic tumor stroma; LCSGJ, the Liver Cancer Study Group of Japan; TIL, tumor‐infiltrating lymphocyte.
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were in accordance with previously established staging sys-
tems [19,20]. It should be noted that tumor size failed to
stratify survival in this study. The controversies on the rela-
tionship between tumor size and patient prognosis in ICC
have existed for a long time. Even the AJCC staging systems
have changed their views toward tumor size. Tumor size of
ICC was excluded in the 7th edition but was reconsidered in
the 8th edition [19]. Moreover, the cutoff value of tumor size
in the AJCC staging system was also different from the LCSGJ
staging system [19,20]. In our study, tumor size was analyzed
dichotomized at 2 cm, 5 cm, and as continuous variable,
but none of them were identified as significant prognostic
indicators for survival. Several reasons may explain our
findings: First, the sample size was relatively small, and all
patients enrolled were eligible for surgery. Furthermore,
for tumors with excessive desmoplastic reaction, tumor size
may fail to reflect real tumor burden because of the inter-
ference of abundant stroma components.

Several shortcomings should be addressed: First, the
study was performed in a retrospective cohort in a single
institution from the People's Republic of China. Moreover,
due to the limited sample size, we used 10‐fold cross‐valida-
tion instead of an external validation in another independent
cohort. Therefore, external validations in a prospective cohort
or in a population with different races and etiologies are war-
ranted. Second, the study only uncovered the correlation of
the maturity of fibrotic stroma and survival in ICC patients
who underwent curative resection; the underlying biological
mechanism and the prognostic significance of FTS in patients
with different clinical stages and treatment modalities
remains to be elucidated in further studies. In addition, adju-
vant capecitabine has achieved a 25% risk reduction of death
in a phase III study of BILCAP and is expected to be the stan-
dard adjuvant therapy for patients with biliary tract cancer
[32]. The predictive accuracy of the nomogram and its ability
to distinguish patients who will benefit more under this stan-
dard adjuvant chemotherapy should be further explored.

CONCLUSION

This study suggests that the maturity of FTS is an independent
prognostic indicator in ICC patients following curative resec-
tion. Moreover, the prognostic nomogram constructed on our
findings represents a more accurate predictive model relative
to the AJCC 8th edition and the LCSGJ stage, which underlines
the necessity of considering the characteristics of fibrotic
components within tumor stroma in daily clinical practice.
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For Further Reading:
Talia Golan, Maria Raitses‐Gurevich, Robin K. Kelley et al. Overall Survival and Clinical Characteristics of BRCA‐
Associated Cholangiocarcinoma: A Multicenter Retrospective Study. The Oncologist 2017;22:804–810.

Implications for Practice:
BRCA‐associated CCA is uncommon but a very important subtype of hepatic malignancies, due to its rising prevalence.
Better clinical characterization of this subtype might allow application of targeted therapy for CCA patients with
germline or somatic mutations in BRCA1/2 genes, especially due to previously reported success of such therapies in
other BRCA‐associated malignancies. Thus this study, first of its kind, provides a basis for future multi‐centered
analyses in larger cohorts, as well as clinical trials. Additionally, this study emphasizes the importance of both germline
and somatic genotyping for all CCA patients.
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