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Morphometric Analysis of Mast Cells
in Tumor Predicts Recurrence of
Hepatocellular Carcinoma After Liver
Transplantation

Nataliya Rohr-Udilova ' Kaoru Tsuchiya,l’2 Gerald Timelthaler,® Martina Salzmann,* Tobias Meischl = ! Katharina Woran,’
Judith Stift,” Merima Herac,® Rolf Schulte-Hermann,® Markus Peck-Radosavljevic,’ Wolfgang Sieghart,” Robert Eferl,*

Erika Jensen-Jarolim,*® Michael Trauner,! and Matthias Pinter

Tumor-infiltrating immune cells are relevant prognostic and immunotherapeutic targets in hepatocellular carcinoma
(HCC). Mast cells play a key role in allergic response but may also be involved in anticancer immunity. Digital mor-
phometric analysis of patient tissue sections has become increasingly available for clinical routine and provides unbiased
quantitative data. Here, we apply morphometric analysis of mast cells to retrospectively evaluate their relevance for
HCC recurrence in patients after orthotopic liver transplantation (OLT). A total of 173 patients underwent OLT for
HCC at the Medical University of Vienna (21 women, 152 men; 55.2 + 7.9 years; 74 beyond Milan criteria, 49 beyond
up-to-7 criteria for liver transplantation). Tissue arrays from tumors and corresponding surrounding tissues were im-
munohistochemically stained for mast cell tryptase. Mast cells were quantified by digital tissue morphometric analysis
and correlated with HCC recurrence. Mast cells were detected in 93% of HCC tumors and in all available surround-
ing liver tissues. Tumor tissues revealed lower mast cell density than corresponding surrounding tissues (P < 0.0001).
Patients lacking intratumoral mast cells (iMCs) displayed larger tumors and higher tumor recurrence rates both in the
whole cohort (hazard ratio [HR], 2.74; 95% confidence interval [CI], 1.09-6.93; P = 0.029) and in patients beyond
transplant criteria (Milan HR, 2.81; 95% CI, 1.04-7.62; P = 0.01; up-to-7 HR, 3.58; 95% CI, 1.17-10.92; P = 0.02).
Notably, high iMC identified additional patients at low risk classified outside the Milan and up-to-7 criteria, whereas
low iMC identified additional patients at high risk classified within the alpha-fetoprotein French and Metroticket cri-
teria. iMCs independently predicted tumor recurrence in a multivariate Cox regression analysis (Milan HR, 2.38; 95%
CI, 1.16-4.91; P = 0.019; up-to-7 HR, 2.21; 95% CI, 1.05-4.62; P = 0.035). Conclusion: Hepatic mast cells might be
implicated in antitumor immunity in HCC. Morphometric analysis of iMCs refines prognosis of HCC recurrence after
liver transplantation. (Hepatology Communications 2021;5:1939-1952).

epatocellular carcinoma (HCC) is one of the alcohol abuse, or fatty liver are important drivers of HCC

leading causes of death in the world, and its development.(3’4) Persistent liver inflammation is a com-

incidence is growing globally? Infection mon feature of the main HCC risk factors and is also
by hepatitis B virus (HBV), hepatitis C virus (HCV), significant for tumor development and progression.>
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cell; NASH, nonalcoholic steatohepatitis; OLT, orthotopic liver transplantation; PEL, percutaneous ethanol injection; Q1, first quartile; Q2, second
quartile; Q3, third quartile; Q4, fourth quartile; sMC, mast cell in surrounding tissue; TACE, transarterial chemoembolization.
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Therapeutic options for HCC include tumor
resection or ablation, transarterial chemoembolization
(TACE), treatment with tyrosine kinase inhibitors,
immunooncologic agents, and liver transplantation.(7’8)
Liver transplantation is the only curative option for
early HCC and requires mostly lifelong immuno-
suppressive medication.”) To select patients eligible
for liver transplantation, current guidelines recom-
mend ap};lying Milan criteria or their extended vari-
ants, %1% but no universally accepted consensus exists
in this regard. For this reason, additional biomark-
ers for further refinement of transplant criteria are
urgently needed, particularly in light of the worldwide
dramatically increasing number of patients at risk for
HCC in combination with the limited availability of
transplant livers.'”)

The immune phenotype is a relevant prognostic factor
in patients with cancer. 1519 We and others emphasized
the differences in immune cell composition between
tumor adjacent tissue and tumor tissue in HCC.2%?)
Based on mathematical deconvolution of global gene
expression data by the Cell-Type Identification by
Estimating Relative Subsets of RNA Transcripts
(CIBERSORT) method,?? we assessed the immune
cell landscape of healthy human livers, HCC tumors,
and HCC-adjacent tissues. By this approach, we found
that patients with HCC lack or have decreased immu-

noglobulin E (IgE)-activated mast cells in their tumors.
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An immunohistochemical mast cell staining in a small
pilot cohort of 10 patients supported this finding.*
However, additional comprehensive studies on the role
of mast cells in HCC are still lacking.

Mast cells constitute less than 1% of all immune cells
in humans and represent one of the most evolutionary
conserved immune cell types.(23) Although mast cells
are known as central players in allergic reactions,(24)
they are also important for tissue homeostasis.*>?® IgE
and microbial peptides as well as venoms can activate
mast cells and cause degranulation with instant release
of mediators, such as histamine, chymase, and tryptase.

Mast cells originate from hematopoetic precursors
and become resident in organs where they get final
differentiation.®” The liver also contains hepatic mast
cells, which are located close to hepatic arteries, veins,
and bile ducts in the portal tracts.??

Data are insufficient with respect to the role of
mast cells in HCC. Some authors have addressed cor-
relations between mast cells and prognosis of patients
with HCC but obtained controversial results.*13%
Tu and colleagues(31) described an inverse associa-
tion of increased mast cell number with survival in a
small cohort of 57 patients with HCC. In contrast, a
comprehensive investigation in a larger cohort of 245
patients found a positive association between higher
mast cell number and longer overall and disease-free
survival after tumor resection.®® All these studies
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focused mainly on patients infected with HBV after
tumor resection, whereas other HCC etiologies were
underrepresented or absent.*1%

To the best of our knowledge, this is the first report
on quantitative analysis of hepatic mast cells and their
impact on HCC recurrence (and therefore prognosis)

in a cohort of 173 patients after orthotopic liver trans-

plantation (OLT).

Patients and Methods

The cohort comprised 173 patients with histologi-
cally confirmed HCC who underwent OLT between
1994 and 2014 at the Medical University of Vienna,
Austria. The mean (+ SEM) follow-up duration was
4.78 £ 0.39 years (95% confidence interval [CI], 3.81-
5.33 years). Pretransplant alpha-fetoprotein (AFP)
values were available for 103 patients and allowed
calculations of HCC risk using AFP French®™® and
Metroticket 2.01% scores. To identify patients at
high risk, the cutoffs for AFP French score >2 and
Metroticket score >70% were applied. The study pro-
tocol was approved by the local ethics committee and
conducted ethically in accordance with the World
Medical Association Declaration of Helsinki.

TISSUE MICROARRAYS

Tissue arrays from HCC tumor tissues and corre-
sponding surrounding tissues were constructed and
included two cores per tumor tissue and one core per
corresponding surrounding tissue for each patient.
We calculated the mean mast cell density from the
two tumor cores for each patient and used this value
for further analysis. Tissue array core diameter was
~2 mm, and the mean core area was 4.1 + 0.7 mm?.
One slide contained 48 tissue cores. Tissue arrays
were stained immunohistochemically for the mast cell
marker tryptase, as described.?”

IMMUNOHISTOCHEMISTRY

Mast cells were evaluated immunohistochemically
by tryptase staining. After deparaffinization, we per-
formed heat-induced epitope retrieval. The slides were
cooled down, washed twice with phosphate-buffered
saline (PBS), and permeabilized by 0.2% Tween in PBS.
Unspecific background was blocked by 5% fetal bovine

serum (FBS) in PBS for 30 minutes at room temperature.
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Antibody mouse anti-human mast cell tryptase (clone
AA1; BioRad) was diluted 1:10,000 in 5% FBS and
incubated overnight. After the washing step, Dako poly-
mer (horseradish peroxidase [HRP] Mouse Envision
Kit; Dako, Agilent) was applied for 30 minutes at room
temperature. 3,3-Diaminobenzidine (Dako, Agilent)
chromogen substrate was applied for 30 seconds, and
the slides were washed with Aqua Dest. Counterstaining
was performed by hematoxylin, and tryptase-positive
cells were evaluated by tissue morphometric analysis of
digitized slides, using Tissue Studio software (Definiens,
Munich, Germany). Slides were digitized using a
Pannoramic Midi Slide Scanner (3Dhistech, Budapest,
Hungary) with 40x optical magnification. HCC tumor
tissues from 173 patients were evaluated. Corresponding
tumor adjacent tissues were available for 146 patients.

STATISTICS

Baseline characteristics were summarized using
descriptive statistics. The chi-squared test was used
to compare nominal data. A #test or Wilcoxon test
was used to compare metric data. Overall survival was
defined as time from liver transplantation until date
of death or last follow-up. Time to recurrence was
defined as the time from liver transplantation until
tumor recurrence; patients without recurrence were
censored at the date of death or last follow-up.

The log-rank Mantel-Cox test was applied to com-
pare Kaplan-Mayer survival curves. Multivariate analy-
ses were performed using Cox regression and presented
with Akaike information criterion (AIC), which eval-
uates how the parameters (i.e., mast cell density, vas-
cular invasion, tumor size, tumor number) affected the
dependent variables as time to recurrence and patient
survival. The lower the AIC, the more explanatory and
informative the model is.®* Statistical analyses were
performed using SPSS 25.0 and GraphPad Prism 8
software (GraphPad Software, LLC).

Results
PATIENT CHARACTERISTICS

Our patient cohort included 152 men and 21 women.
Of these, 74 patients were beyond Milan criteria and
49 patients were beyond up-to-7 extended criteria for
liver transplantation. Sixty-six patients received locore-
gional therapies before liver transplantation, TACE
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being the most frequent one. Clinical data and detailed
patient characteristics are given in Table 1.

ASSOCIATION OF MAST CELL
DENSITY WITH UNDERLYING
ETIOLOGY

We detected mast cells in 93% of HCC tumor tis-
sues (160 out of 173) and in all available corresponding
tumor surrounding liver tissues (n = 149). Representative
images of mast cell staining in tumor tissue and in cor-
responding surrounding tissue in patients with different
etiologies (HCV, alcoholic liver disease [ALD], HBV,
and nonalcoholic steatohepatitis [NASH]) are shown in
Fig. 1. We applied digital tissue morphometric analysis in
order to quantify mast cell density as the number of cells
per mm? in each tissue core. Mast cell density within the
tumor was lower than the corresponding surrounding
tissue (9.1 + 1.0 cells/mm? in tumor vs. 20.3 + 1.7 cells/
mm? in surrounding tissue, P < 0.001) (Fig. 2A).

Because the underlying etiology may affect immune
cell distribution and composition, we further assessed
mast cell density in patients with respect to under-
lying disease. Patients with the following etiologies
revealed lower mast cell density in tumor than in sur-
rounding tissue: ALD (10.1 + 2.0 vs. 28.7 + 3.5 cells/
mm?, P < 0.01), HCV (8.6 + 1.3 vs. 19.5 + 2.8 cells/
mm?, P < 0.01), and other minor etiologies (8.3 + 3.4
vs. 21.2 + 6.8 cells/mm?, P < 0.05) Fig. 2B-F. Patients
with hepatitis B showed a similar trend (6.6 * 1.5 vs.
13.7 = 3.7 cells/mm?, P = 0.07). In contrast, patients
with NASH displayed no difference between mast cell
density in tumor and in surrounding tissue (10.7 + 3.5
vs. 10.3 + 2.1 cells/mm?, not significant).

Intratumoral mast cell (iMC) density remained sim-
ilar between etiologies; however, the density of mast
cells in surrounding tissues (sMCs) varied (Fig. 2G).
The highest sMC density was observed in patients
with ALD followed by HCV and minor etiologies.
Patients with NASH showed the lowest sMC density,
without any difference to the tumor tissue (Fig. 2G).

ASSOCIATION OF MAST
CELL DENSITY WITH TUMOR
CHARACTERISTICS

We further explored whether the lower density of
mast cells in tumor had any correlates with clinical
patient characteristics and outcome. Because Milan

1942
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TABLE 1. PATIENT CHARACTERISTICS

Parameter Value*
Males, n 152 (88%)
Females, n 21 (12%)
Mean age, years 556.2+7.9
Mean tumor size, cm 3.84 £ 3.56
Mean number of fumors 2.44 +1.65
Tumor grading
Gl 28 (16.2%)
G2 121 (70%)
G3 23 (13.3%)
Underlying disease
HCV 71 (41.0%)
ALD 49 (28.3%)
NASH 22 (12.7%)
HBV 16 (9.3%)
AH 7 (4.1%)
HBV/HCV coinfected 4(2.3%)
PBC/PSC 4(2.3%)
Microvascular invasion 15 (8.7%)
Beyond Milan criteria 74 (42.8%)
Beyond up-to-7 criteria 49 (28.3%)
Locoregional therapies (yes/no/n.a.): 66 (38.2%)/ 101 (568.4%) /6 (3.4%)
TACE 21 (12.1%)
Radiofrequency ablation 9(5.2%)
PEI 16 (9.2%)
Chemotherapy 8 (4.6%)
Resection 10 (5.8%)
Others 2(1.2%)

*Unless indicated differently, values show number (% of all patients,
n = 173) or number + SD.

Abbreviations: ATH, autoimmune hepatitis; n.a., no information
available; PBC, primary biliary cholangitis; PSC, primary scleros-
ing cholangitis.

criteria or their extended variants (the up-to-7 criteria,
AFP French model, and Metroticket 2.0) represent
valid tools to evaluate the risk of HCC recurrence
following liver transplantation, we compared mast
cell density between tumor and surrounding tissue for
patients within and beyond these transplant criteria.
Irrespective of transplant criteria, density of mast cells
in tumors was consistently lower than in surround-
ing tissues (Fig. 3A-D). While the application of the
Milan criteria did not further change the net decrease
found in iMC density (Fig. 3A), patients beyond up-
to-7 criteria showed lower iMC density than patients
within (Fig. 3B). Thus, the mast cell gradient between
surrounding tissue and tumor tissue persists inde-
pendently of meeting transplant criteria.
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Surrounding tissue

Tumor tissue

FIG. 1. Quantification of mast cells in HCC tumors and corresponding surrounding tissue in patients with different underlying diseases.
Representative images of mast cell tryptase staining in patients with HCC with HCV, ALD, HBV, and NASH.

ASSOCIATION OF MAST CELL
DENSITY WITH RECURRENCE

In our cohort, about 70% of all recurrences were
registered during the first 3 years after transplanta-
tion (Supporting Fig. S2). Both sexes showed similar
recurrence-free survival (data not shown). To further
explore the clinical relevance of iMCs, we stratified
patients according to the quartiles of iMC density
(from Q1, the lowest to Q4, the highest) and analyzed
recurrence rates. Patients within the lowest iMC quar-
tile (MC Q1, low iMC) revealed the highest tumor
recurrence of 46% within the first 3 years after liver
transplantation (Fig. 3E). In contrast, patients from
Q2 to Q4 iMC (high iMC) showed a 3-year recur-
rence rate between 9% and 17%. In comparison, 38.4%
of patients beyond and 11.9% of patients within the
Milan criteria developed tumor recurrence 3 years
after transplantation. Tumor recurrence was signifi-
cantly increased in patients with low iMC (Fig. 3F).

We reanalyzed the association between intratu-
moral mast cells and recurrence free survival for men
and women separately. The results remained essentially
the same in men (RFS 5,626 + 346 days in patients
with high iMC vs. 2,971 + 553 days in patients with
low iMC, P = 0.0005; log-rank Mantel-Cox test) but
did not reach statistical significance in women (RFS
5,882 + 1,125 days in patients with high iMC vs.
4,938 + 653 days in patients with low iMC, P = 0.534;
log-rank Mantel-Cox test). Response to TACE was
not associated with altered mast cell density in tumor
or in surrounding tissue (data not shown).

Furthermore, tumor size was larger in patients with
the lowest Q1 than in the highest Q4 iMC quartile,
whereas tumor number and vascular invasion remained
similar (Supporting Fig. S3A). In silico analysis of
proinflaimmatory and anti-inflammatory cytokines
revealed that levels of interleukin (IL)-1b and IL-10
were higher in patients with low mast cells, whereas
tumor necrosis factor a and IL-6 showed no differ-
ences between iMC quartiles (Supporting Fig. 54).

Importantly, clinicopathologic characteristics were
similarly distributed between groups, except that
women were overrepresented and patients within the
AFP French score (<2) were underrepresented in the
low iMC group (Table 2).

To further explore the additional value of mast
cells in HCC, we evaluated the impact of iMC
density on tumor recurrence in patients within and
beyond four common transplant criteria (Fig. 4A-D).
Based on the percentage of patients meeting the
criteria, rigor of transplant criteria for our cohort
decreased in the following order: Milan > up-to-7
> AFP French > Metroticket, with Milan being the
most rigorous (Fig. 4A-D). As expected, patients
within the transplant criteria showed lower recur-
rence rates; however, significance was not reached
tor AFP French criteria.

We then stratified each group of patients either
within or beyond the four transplant criteria accord-
ing to low/high iMC (Fig. 4A-D). Notably, high iMC
identified additional patients at low risk who were clas-
sified outside the rigorous criteria (Milan and up-to-7;
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FIG. 2. Mast cell density in tumor tissue and in surrounding tissue of patients with HCC with different etiologies. (A) Whole patient
cohort; (B-G) distinct etiologies (ALD, HCV,HBV,NASH, and minor etiologies). Mast cell density was quantified by tissue morphometric
analysis in surrounding tissue and tumor tissue as number of cells per mm? tissue. Surrounding tissue and tumor tissue from the same
patients are connected by a line. Wilcoxon matched-pairs signed-rank test was applied to compare mast cell density between ST and T'T.
P < 0.0001, *P = 0.013, #P = 0.07. Data show mean (box) and SD. Abbreviations: MC, mast cell; ST, surrounding tissue; T'T, tumor

tissue.

Fig. 4A,B), whereas low iMC identified additional age, sex, tumor size, tumor multiplicity, etiologies,
patients at high risk who were classified within the tumor grading, and microvascular invasion, were sim-
less rigorous criteria (AFP French and Metroticket; ilarly distributed between the high/low iMC groups
Fig.4C,D). Clinical patient characteristics, such as (Supporting Tables S1 and S2).
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FIG. 3. Mast cell density in tumor tissue and surrounding tissue of patients with HCC in relation to the transplant criteria and clinical
parameters. Mast cell density in tumor tissue and surrounding tissue in patients within and beyond (A) Milan criteria; (B) up-to-7
criteria; (C) AFP French criteria; (D) Metroticket criteria; *P < 0.05, **P < 0.01, analysis of variance Kruskal-Wallis test. Data show mean
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Mantel-Cox test. Abbreviation: fr, French; RES, recurrence-free survival; ST, surrounding tissue; T'T, tumor tissue; TTR, time to response.

In addition to iMC density, we stratified patients recurrence-free survival and overall survival were
according to mast cell density in surrounding tis- similar between the sMC quartiles (Supporting Fig.
sues (sMC) and evaluated HCC recurrence. Both ~ S3B). Nevertheless, patients with low sMC showed a
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TABLE 2. CORRELATIONS OF LOW AND HIGH iMCs WITH CLINICOPATHOLOGIC FEATURES INTHE
WHOLE COHORT OF PATIENTS WITH HCC

Variable iMC Low (Q1) n=44 iMC High (@2-Q4) n =129  Chi-Quadrat Test PValue*
Sex Female 10 (22.7%) 11 (8.5%) 0.029*
Male 34 (77.3%) 118 (91.5%)
Age, years <55 16 (36.4%) 50 (38.8%) 0.813
>55 28 (63.6%) 79 (61.2%)
Milan criteria Within 21 (47.7%) 78 (60.5%) 0.160
Beyond 23 (52.3%) 51 (39.5%)
Up-to-7 criteria Within 26 (59.1%) 98 (76.0%) 0.051
Beyond 18 (40.9%) 31 (24.0%)
AFP French score* Within 13 (65.0%)* 73 (88.0%)* 0.021*
Beyond 7 (35.0%)* 10 (12.0%)*
n.a. 24 46
Metroticket 2.0 score* Within 18 (90%)* 75 (90.4%)* 0.999
Beyond 2 (10%)* 8 (9.6%)*
n.a. 24 46
Tumor size, cm <5 33 (75.0%) 107 (82.9%) 0.270
>5 11 (25.0%) 22 (17.1%)
Tumor number Single 16 (36.4%) 44 (34.1%) 0.855
Multiple 28 (63.6%) 85 (65.9%)
Etiology 0.346
HBV No 42 (95.5%) 115 (89.1%)
Yes 2 (4.5%) 14 (10.9%)
HCV No 30 (68.2%) 72 (55.8%)
Yes 14 (31.8%) 57 (44.2%)
ALD No 29 (65.9%) 95 (73.6%)
Yes 15 (34.1%) 34 (26.4%)
NASH No 37 (84.1%) 114 (88.4%)
Yes 7 (15.9%) 15 (11.6%)
Other efiologies No 38 (86.4%) 120 (93.0%)
Yes 6 (13.6%) 9 (7.0%)
T stage 172 19 (43.1%) 72 (55.8%) 0.278
3/4 22 (50.0%) 53 (41.0%)
n.a. 3 (6.9%) 4 (3.2%)
Tumor grading 1 11 (25.0%) 17 (13.2%) 0.095
2/3 33 (75.0%) 112 (86.8%)
Vascular invasion No 40 (90.9%) 118 (91.5%) 0.999
Yes 4.(9.1%) 11 (8.5%)
Pretransplant locoregional therapy ~ No 26 (59.1%) 75 (58.1%) 0.857
Yes 16 (36.4%) 50 (38.8%)
n.a. 2 (4.5%) 4 (3.1%)
Art of locoregional therapy 0.053
TACE 2 (12.5%)* 19 (38%)*
PEI 3(18.8%)* 13 (26%)*
Radiofrequency ablation 1(6.3%)* 8 (16%)*
Resection 5 (31.2%)* 5(10%)*
Chemotherapy 5 (31.2%)* 3 (6%)*
Others 0 (0%)* 2 (4%)*

*P < 0.05 is considered significant.

103 patients were evaluated for Metroticket 2.0 and AFP French scores.

Percentages were calculated setting the number of patients with locoregional therapies as 100% (n = 16 for low iMC and n = 50 for high
iMC).
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FIG. 4. iMC and recurrence-free survival of patients with HCC after OLT. (A) Milan criteria; (B) up-to-7 criteria; (C) AFP French
criteria; (D) Metroticket criteria. Each panel shows RFS in the whole cohort of patients within and beyond the criteria, percentage of
patients fitting the criteria, RFS of patients within criteria stratified into low and high iMC groups, and RFS of patients beyond criteria
stratified into low and high iMC groups. The green shaded boxes mark significant recurrence differences (P < 0.05 Log-rank Mantel-Cox
test) between patients with low and high iMC density. P value, HR, and 95% CI of ratio are shown to compare tumor recurrence among

the groups. Abbreviation: RFS, recurrence-free survival.

trend to early tumor recurrence within 2 years after
transplantation (median cut-off sMC, 13.0 cells/ mm?;
Supporting Fig. S3C). sMC density had a weak posi-
tive correlation with iMC density (Pearson 7 =0.164,
P =0.046, n = 146).

In order to evaluate whether mast cell density inde-
pendently predicts tumor recurrence, we conducted
univariate and multivariate Cox regression analysis.
The performance of comparable models was quanti-
fied by means of AIC, with a lower AIC value indi-
cating better performance.

In univariate analysis, lack of iMCs was associated
with higher tumor recurrence rates (Table 3). Overall
survival showed a similar trend that reached statistical
significance only for absolute iMC values (Supporting

Table S3). Hazard ratios (HRs) for iMCs were com-
parable with that of transplantation criteria.

In multivariate analysis, inclusion of iMCs in addi-
tion to the established transplant criteria (Milan and
up-to-7) always improved model precision, as shown
by a drop in the corresponding AIC values (e.g.,
AIC, 273.371 for Milan criteria vs. AIC, 270.206
for a multivariate combination of Milan criteria with
iMCs) (Table 3; Supporting Table S3). Performance
of iMCs as a binary categorical variable, which indi-
cates belonging to the Q1 low iMC group, was stron-
ger than that of iMC absolute values. Beloning to
the lowest iMC Q1 group was an independent pre-
dictor of tumor recurrence after liver transplantation
as it significantly contributed to the multivariate Cox
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TABLE 3. UNIVARIATE AND MULTIVARIATE ANALYSIS OF iMCs AS AN INDEPENDENT PREDICTOR OF
RECURRENCE-FREE SURVIVAL IN PATIENTS WITH HCC AFTER LIVER TRANSPLANTATION

95% Cl for HR

Variables Exp(B) HR Exp(B) PValue Chi-Quadrat df PValue AIC
Univariate Analysis
Milan 2.87 1.40-5.91 0.00* 8.69 1 0.00* 273.371
Up-to-7 2.45 1.21-4.99 0.01* 5.65 1 0.02* 276.416
AFP French 1.38 1.04-1.83 0.02* 5.32 1 0.04* nd
Metroticket 0.97 0.94-0.99 0.04* 425 1 0.04* nd
iMC absolute 0.98 0.95-1.02 0.28 1.41 1 0.24 280.653
iMC Q1 2.57 1.25-5.27 0.01* 6.10 1 0.01* 275.968
iMC quartiles 0.04* 9.01 3 0.03* 273912
Q1 (low) vs. Q4 (high) 2.74 1.09-6.93 0.03*
Q2 vs. Q4 1.36 0.49-3.76 0.55
Q3 vs. Q4 0.68 0.20-2.31 0.53
Multivariate Analysis
Model 1: Milan 2.73 1.33-5.61 0.01* 156.21 2 0.00* 270.206
iMC Q1 2.38 1.16-4.91 0.02*
Model 2: Up-to-7 2.10 1.01-4.34 0.04* 11.57 2 0.00* 274.235
iMC Q1 2.21 1.06-4.62 0.04*
Model 3:AFP French 1.27 0.91-1.77 0.16 7.54 2 0.02* nd
iMC Q1 2.23 0.65-7.69 0.20
Model 4: Metroticket 0.97 0.944-1.01 0.23 7.31 2 0.03* nd
iMC Q1 2.62 0.78-08.81 0.12

*Significant at P < 0.05.

Abbreviations: df, degrees of freedom; Exp(B), exponentiation of the B coefficient; HR, hazard ratio; nd, not determined.

regression models for both established transplant cri-
teria (Milan and up-to-7; Table 3). Multivariate Cox
regression analysis, which combined iMCs with AFP
French or Metroticket, also showed significant per-
formance as whole models (Table 3). Thus, mast cell
density provides complementary information relevant
tor HCC recurrence after liver transplantation.

Discussion

In this study, we describe for the first time a rele-
vant association between iMCs and tumor recurrence
in patients with HCC who underwent liver transplanta-
tion. To obtain quantitative results for mast cell density,
we applied morphometric analysis of digitized micro-
scopic images of immunohistochemically stained tissue
microarray paraffin sections of liver tissue of patients with
HCC. Previous studies on mast cells applied manual cell
counting, which can be prone to subjective perception. In
contrast, digital algorithm-based morphometric analysis
allows determining cell numbers exactly and reproducibly.
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Tumor microenvironment and specifically immune
cells play a critical role in tumorigenesis.*®”
Moreover, immune cell infiltration and composition
also stratify patients into responders and nonrespond-
ers to anticancer therapies.(18’38'40) Our previous inves-
tigations suggested that the total extent of immune
cell infiltration is altered in HCC and that relative
abundance, specifically of mast cells, differs between
surrounding tissue and tumor tissue.?” In line with
this, we show here that mast cell infiltration in tumors
is lower than in surrounding tissues and may reflect
general immunosuppression induced by the tumor,
possibly paralleling progression. Ongoing mecha-
nistic studies address the question of whether mast
cells are the driver or bystander of antitumor immu-
nity and can be targeted to overcome tumor-induced
immunosuppression.

We also observed that HCC etiology may impact
mast cell infiltration, as ALD, hepatitis C, and tenden-
tiously hepatitis B showed decreased mast cell infil-
tration into tumors while NASH did not. Although

exploring potential reasons for these interesting
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differences is beyond the scope of our study, these data
suggest that HCC of NASH etiology may be partic-
ular attractive for mast cell targeting.

Our results on the beneficial association between
iMCs and tumor recurrence in HCC are in accor-
dance with previous studies in other tumor types. In
particular, patients with colon carcinoma and pul-
monary adenocarcinoma with higher iMC numbers
showed longer survival.*’™®  Similarly, enhanced
levels of mast cells were also associated with better
prognosis in breast cancer.*Y A comprehensive study
using tissue arrays from patients with breast can-
cer revealed significantly prolonged disease-free sur-
vival in patients with at least one mast cell present
per 0.6 mm? of tissue, a core surface of tumor sam-

“5) The analyzed core surface in our

ple on the array.
study was larger (4.1 + 0.7 mm?), but the cut-off value
reported by Dabiri et al.® s close to that absolute
cutoff for the lowest iMC density Q1 quartile of 1.2
cells/mm? calculated in our study. The effect of mast
cell density seems to be nonlinear dichotomous as the
performance of the absolute iMC values is worse than
that of categorical iMC. Our data indicate that reach-
ing the threshold above 1.2 mast cells/mm? is cru-
cial, while an increase of mast cell numbers above this
threshold is not associated with further improvement
in patient survival.

The beneficial role of mast cells in HCC after liver
transplantation reported here does not necessarily con-
tradict their protumorigenic role reported elsewhere.?”
Although mast cell-derived mediators can favor tumor
cell proliferation, tissue remodeling, matrix degrada-
tion, and angiogenesis,(46) protumorigenic and antitu-
morigenic effects of mast cells in cancer may change
depending on tumor site, mast cell differentiation, dis-
ease stage, and immune cell composition.

The presence of iMCs in HCC was protective in
our cohort, but an excess of mast cells can also be pro-
tumorigenic. In particular, introduction of mast cells
increased hepatic vascular endothelial growth factor
(VEGF)-A and VEGF-C formation in a transform-
ing growth factor fl-dependent manner,*”*®) which
can favor angiogenesis, epithelial-mesenchymal tran-
sition, and tumor growth. Because cholangiocarcino-
mas contain about 5 times more mast cells compared
to HCC,* protumorigenic effects can prevail in
cholangiocarcinoma.

Mast cells might have a particular role in our
cohort of liver transplant recipients who receive

ROHR-UDILOVAET AL.

immunosuppression in order to prevent or to treat
graft rejections.(lo) T and B lymphocyte proliferation
in transplant recipients is pharmacologically impaired,
whereas slow proliferating mast cells might become
even more relevant for immune surveillance under
such conditions.®? Mast cells can act as effector cells,
interact with other immune cell types, and be directly
cytotoxic to tumor cells, thus leading to an antitumor
immune response.(46)

Our results raise the question of whether targeted
manipulation of hepatic mast cells could improve
current therapeutic options for patients with HCC.
Some recent reports provide data in favor of this
concept. One case report describes complete regres-
sion of metastatic HCC in a patient who experienced
radiocontrast-induced anaphylactic shock.®? The
authors hypothesized that activation of mast cells
due to anaphylaxis might have stimulated activation
of natural killer (NK) cells in this patient and sub-
sequent tumor regression.(Sl) Indeed, mast cells can
induce selective chemotaxis of NK cells,(sz) which
are otherwise dysfunctional in HCC.®¥ In addition,
direct cytotoxicity of mast cells has been reported®
and might have also contributed to tumor regression
in this case.

Another indication for the potential involvement
of mast cells in the antitumor response might come
from studies on the tyrosine kinase inhibitor sorafenib.
Sorafenib is an approved drug for HCC treatment
and may cause side effects, like itch, mucositis, and
rash.®® More pronounced dermatologic side effects
indicate better tumor response to sorafenib.***”) In
addition to its direct multikinase-inhibiting antitu-
morigenic effects, sorafenib is also known to induce
degranulation of primary dermal mast cells.®® Tt is
attractive to speculate that hepatic mast cells also
degranulate following sorafenib treatment and help to
eliminate tumor cells by direct cytotoxic mechanisms.
In our cohort, sorafenib did not influence the data as
most of the patients from our cohort had received a
transplant before 2009 and did not receive sorafenib
medication. We also did not observe any significant
correlations between pretransplant locoregional ther-
apies and iMCs, although TACE and percutaneous
ethanol injection (PEI) in radio frequency showed
a trend toward enrichment in the high iMC group
(Table 2).

We could not draw any statistically sound conclu-
sions concerning mast cells and survival in women
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because of the small number of female patients in our
study. This is a limitation of our study. However, the
sex distribution of our patients reflects the real HCC
epidemiology. To address mast cells specifically in
temale patients with HCC after liver transplantation,
multicentric efforts would be necessary.

Epidemiological associations between IgE and
lower cancer incidence may provide another support-
ive argument in favor of an antitumorigenic role of
mast cells. Mast cells express IgE receptor, and IgE
stimulates mast cell degranulation in the allergic
response. At the same time, IgE seems to protect
against cancer.®’®" IgE-induced mast cell degranu-
lation might be one of the mechanisms behind the
cancer protective function of IgE. Therapeutic strat-
egies to recruit mast cells into tumors may improve
recurrence-free survival of patients with HCC after
liver transplantation.

The following three aspects define the strength of
the current study: 1) unbiased digital morphometric
mast cell quantification; 2) tumor tissue and corre-
sponding surrounding tissue of the same patients
in tissue array format; and 3) availability of clinical
data with long term follow-up in a comprehensive
cohort of 173 liver transplant recipients with HCC.
Additional studies in independent cohorts of liver
transplant recipients with HCC would provide fur-
ther proof of our findings.

As to the practicability of iMC analysis presented
here, at least a liver biopsy is a prerequisite. Here, we
analyzed 4.1 + 0.7 mm? of tissue area per sample to
quantify iMCs as it was the mean core area on the
tissue array. In comparison, a liver biopsy with a 20-
mm length and ~1-2-mm width would provide about
20-40 mm? tissue area, which is 4 times to 10 times
more than what we used here and would be suffi-
cient. Thus, although we conducted our study in the
explanted livers, liver biopsy can also be suitable for
iMC quantification.

When comparing the strictness of the iMC
approach with other transplant criteria in our cohort,
we place iMCs in the middle as follows: Milan > up-
to-7 > iMCs > AFP French > Metroticket (compare
with Fig. 4). Indeed, when criteria are rigorous, - as
Milan and up-to-7, - some patients with low recur-
rence risk may be misclassified as being beyond the
criteria; in this case, iIMCs may help select some addi-
tional patients at low risk, HRs being 2.8 and 3.6,
respectively (Fig. 4A,B). However, in the case when
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criteria are less rigorous and allow inclusion of more
patients, - as AFP French and Metroticket, - some
patients with high recurrence risk may be misclassi-
fied as fitting into the criteria; in this case iMCs may
help to select additional patients with a high risk of
recurrence, HRs being 3.97 and 3.70, respectively
(Fig. 4C,D).

As the data on neutrophil-to-lymphocyte ratio
and AFP response to locoregional therapies were not
complete in our cohort, we could not directly compare
the power of iMCs with more recently developed liver
transplant scores, such as Model of Recurrence After
Liver Transplantation (MoRAL) and New York/
California (NYCA).®>'%%?) However, both, MoRAL
and NYCA scores use AFP values, similar to AFP
French and Metroticket criteria. As iMCs addition-
ally refined patients within the two AFP-dependent
scores (AFP French and Metroticket; Fig. 4C,D), we
suggest that iMCs could bring additional value in
liver transplantation as an AFP-independent prog-
nostic marker. Further validation studies are required.

The iMC approach requires tumor material for
immunohistochemical staining; it is invasive and can-
not replace the well-established noninvasive trans-
plant criteria. Rather, iMC quantification may help to
refine the patients questionably classified beyond the
Milan or up-to-7 criteria but within the AFP French
or Metroticket criteria.

In summary, our current study confirms iMCs as
positive prognostic markers in HCC treated by liver
transplantation and provides the basis for further
interventional studies on hepatic mast cells as a new
potential therapeutic target in HCC.

Acknowledgment: We are particularly grateful to Mag.
Alexandra Kaider and Dr. Georg Heinze for their

valuable support in statistical analysis of the data.

REFERENCES

1) El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology
and molecular carcinogenesis. Gastroenterology 2007;132:2557-2576.

2) Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011;61:69-90. Erratum in:
CA Cancer J Clin 2011;61:134.

3) Ramadori G, Moriconi F, Malik I, Dudas ]J. Physiology and
pathophysiology of liver inflammation, damage and repair. J
Physiol Pharmacol 2008;59(Suppl 1):107-117.

4) Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet
2012;379:1245-1255.

5) He G, Karin M. NF-kappaB and STAT3 - key players in liver
inflammation and cancer. Cell Res 2011;21:159-168.



HEPATOLOGY COMMUNICATIONS, Vol.5, No. 11, 2021

6) Park EJ, Lee JH, Yu G-Y, He G, Ali SR, Holzer RG, et al. Dietary

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

)

)

)
)

)

)

)

)

)

)

)

)

)

)

)

)

N7

and genetic obesity promote liver inflammation and tumorigenesis
by enhancing IL-6 and TNF expression. Cell 2010;140:197-208.
Pinter M, Peck-Radosavljevic M. Review article: systemic treat-
ment of hepatocellular carcinoma. Aliment Pharmacol Ther
2018;48:598-609.

Llovet JM, Villanueva A, Lachenmayer A, Finn RS. Advances in
targeted therapies for hepatocellular carcinoma in the genomic
era. Nat Rev Clin Oncol 2015;12:408-424. Erratum in: Nat Rev
Clin Oncol 2015;12:436.

Kulik L, El-Serag HB. Epidemiology and management of hepa-
tocellular carcinoma. Gastroenterology 2019;156:477-491.e471.
European Association for the Study of the Liver. EASL
Clinical Practice Guidelines: liver transplantation. ] Hepatol
2016;64:433-485.

Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A,
et al. Liver transplantation for hepatocellular carcinoma: expan-
sion of the tumor size limits does not adversely impact survival.
Hepatology 2001;33:1394-1403.

Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani
L, et al; Metroticket Investigator Study Group. Predicting sur-
vival after liver transplantation in patients with hepatocellular
carcinoma beyond the Milan criteria: a retrospective, exploratory
analysis. Lancet Oncol 2009;10:35-43.

Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran
H, Piardi T, et al;; Liver Transplantation French Study Group.
Liver transplantation for hepatocellular carcinoma: a model in-
cluding a-fetoprotein improves the performance of Milan criteria.
Gastroenterology 2012;143:986-994.¢983.

Mazzaferro V, Sposito C, Zhou ], Pinna AD, De Carlis L, Fan
J, et al. Metroticket 2.0 model for analysis of competing risks of
death after liver transplantation for hepatocellular carcinoma.
Gastroenterology 2018;154:128-139.

Halazun K], Najjar M, Abdelmessih RM, Samstein B, Griesemer
AD, Guarrera JV, et al. Recurrence after liver transplantation for
hepatocellular carcinoma: a new MORAL to the story. Ann Surg
2017;265:557-564.

Halazun KJ, Tabrizian P, Najjar M, Florman S, Schwartz M,
Michelassi F, et al. Is it time to abandon the Milan Criteria?:
results of a bicoastal US collaboration to redefine hepatocellu-
lar carcinoma liver transplantation selection policies. Ann Surg
2018;268:690-699.

von Felden J, Villanueva A. Role of molecular biomarkers in
liver transplantation for hepatocellular carcinoma. Liver Transpl
2020;26:823-831.

Gnjatic S, Bronte V, Brunet LR, Butler MO, Disis ML, Galon
J, et al. Identifying baseline immune-related biomarkers to pre-
dict clinical outcome of immunotherapy. ] Immunother Cancer
2017;5:44.

Mlecnik B, Bindea G, Angell HK, Maby P, Angelova M,
Tougeron D, et al. Integrative analyses of colorectal cancer show
immunoscore is a stronger predictor of patient survival than mi-
crosatellite instability. Immunity 2016;44:698-711.

Rohr-Udilova N, Klinglmiiller F, Schulte-Hermann R, Stift ],
Herac M, Salzmann M, et al. Deviations of the immune cell land-
scape between healthy liver and hepatocellular carcinoma. Sci Rep
2018;8:6220.

Cancer Genome Atlas Research Network. Comprehensive
and Integrative Genomic Characterization of Hepatocellular
Carcinoma. Cell 2017;169:1327-1341.e1323.

Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y,
et al. Robust enumeration of cell subsets from tissue expression
profiles. Nat Methods 2015;12:453-457.

Crivellato E, Ribatti D. The mast cell: an evolutionary perspective.
Biol Rev Camb Philos Soc 2010;85:347-360.

24)

25)

26)

27)

ROHR-UDILOVAET AL.

Olivera A, Beaven MA, Metcalfe DD. Mast cells signal their
importance in health and disease. ] Allergy Clin Immunol
2018;142:381-393.

Maurer M, Wedemeyer J, Metz M, Piliponsky AM, Weller K,
Chatterjea D, et al. Mast cells promote homeostasis by limiting
endothelin-1-induced toxicity. Nature 2004;432:512-516.
Kennedy Norton S, Barnstein B, Brenzovich ], Bailey DP,
Kashyap M, Speiran K, et al. IL-10 suppresses mast cell IgE re-
ceptor expression and signaling in vitro and in vivo. ] Immunol
2008;180:2848-2854.

Debruin E, Gold M, Lo B, Snyder K, Cait A, Lasic N, et al.
Mast cells in human health and disease. Methods Mol Biol
2015;1220:93-119.

28) Johnson C, Huynh V, Hargrove L, Kennedy L, Graf-Eaton

A, Owens ], et al. Inhibition of mast cell-derived histamine de-
creases human cholangiocarcinoma growth and differentia-
tion via c-kit/stem cell factor-dependent signaling. Am ] Pathol
2016;186:123-133.

29) Jones H, Hargrove L, Kennedy L, Meng F, Graf-Eaton A,

30)

31)

Owens J, et al. Inhibition of mast cell-secreted histamine decreases
biliary proliferation and fibrosis in primary sclerosing cholangitis
Mdr2(-/-) mice. Hepatology 2016;64:1202-1216.

Kennedy LL, Hargrove LA, Graf AB, Francis TC, Hodges KM,
Nguyen QP, et al. Inhibition of mast cell-derived histamine secre-
tion by cromolyn sodium treatment decreases biliary hyperplasia
in cholestatic rodents. Lab Invest 2014;94:1406-1418.

Tu JE, Pan HY, Ying XH, Lou ], Ji JS, Zou H. Mast cells com-
prise the major of interleukin 17-producing cells and predict a
poor prognosis in hepatocellular carcinoma. Medicine (Baltimore)

2016;95:3220.

32) JuM]J, Qiu SJ, Gao Q, Fan ], Cai MY, Li YW, et al. Combination

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

of peritumoral mast cells and T-regulatory cells predicts prognosis
of hepatocellular carcinoma. Cancer Sci 2009;100:1267-1274.

Lin SZ, Chen KJ, Xu ZY, Chen H, Zhou L, Xie HY, et al.
Prediction of recurrence and survival in hepatocellular carcinoma
based on two Cox models mainly determined by FoxP3+ regula-
tory T cells. Cancer Prev Res (Phila) 2013;6:594-602.

Wei L, Delin Z, Kefei Y, Hong W, Jiwei H, Yange Z. A classifica-
tion based on tumor budding and immune score for patients with
hepatocellular carcinoma. Oncoimmunology 2019;9:1672495.
Hosmer DW, Hosmer T, Le Cessie S, Lemeshow S. A comparison
of goodness-of-fit tests for the logistic regression model. Stat Med
1997;16:965-980.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-
tion. Cell 2011;144:646-674.

Theret N, Musso O, Turlin B, Lotrian D, Bioulac-Sage P,
Campion JP, et al. Increased extracellular matrix remodeling is as-
sociated with tumor progression in human hepatocellular carcino-
mas. Hepatology 2001;34:82-88.

Vilain RE, Menzies AM, Wilmott JS, Kakavand H, Madore ],
Guminski A, et al. Dynamic changes in PD-L1 expression and im-
mune infiltrates early during treatment predict response to PD-1
blockade in melanoma. Clin Cancer Res 2017;23:5024-5033.
Ribas A, Shin DS, Zaretsky ], Frederiksen J, Cornish A, Avramis
E, et al. PD-1 blockade expands intratumoral memory T cells.
Cancer Immunol Res 2016;4:194-203.

Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJM,
Robert L, et al. PD-1 blockade induces responses by inhibiting
adaptive immune resistance. Nature 2014;515:568-571.

Mehdawi L, Osman J, Topi G, Sjolander A. High tumor mast
cell density is associated with longer survival of colon cancer pa-
tients. Acta Oncol 2016;55:1434-1442.

Tan SY, Fan Y, Luo HS, Shen ZX, Guo Y, Zhao LJ. Prognostic
significance of cell infiltrations of immunosurveillance in colorec-

tal cancer. World | Gastroenterol 2005;11:1210-1214.

1951



ROHR-UDILOVAET AL.

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

Tomita M, Matsuzaki Y, Onitsuka T. Correlation between mast
cells and survival rates in patients with pulmonary adenocarci-
noma. Lung Cancer 1999;26:103-108.

Amini RM, Aaltonen K, Nevanlinna H, Carvalho R, Salonen L,
Heikkila P, et al. Mast cells and eosinophils in invasive breast car-
cinoma. BMC Cancer 2007;7:165.

Dabiri S, Huntsman D, Makretsov N, Cheang M, Gilks B, Badjik
C, et al. The presence of stromal mast cells identifies a subset of
invasive breast cancers with a favorable prognosis. Mod Pathol
2004;17:690-695. Erratum in: Mod Pathol 2004;17:1025.

Mukai K, Tsai M, Saito H, Galli SJ. Mast cells as sources of cytokines,
chemokines, and growth factors. Immunol Rev 2018;282:121-150.
Kennedy L, Hargrove L, Demieville ], Karstens W, Jones H,
DeMorrow S, et al. Blocking H1/H2 histamine receptors inhibits
damage/fibrosis in Mdr2(-/-) mice and human cholangiocarci-
noma tumorigenesis. Hepatology 2018;68:1042-1056.

Kyritsi K, Kennedy L, Meadows V, Hargrove L, Demieville ],
Pham L, et al. Mast cells induce ductular reaction mimicking liver
injury in mice through mast cell-derived transforming growth fac-
tor beta 1 signaling. Hepatology 2021; 73: 2397-2410. https://doi.
0rg/10.1002/hep.31497.

Terada T, Matsunaga Y. Increased mast cells in hepatocellu-
lar carcinoma and intrahepatic cholangiocarcinoma. ] Hepatol
2000;33:961-966.

Oldford SA, Marshall JS. Mast cells as targets for immunotherapy
of solid tumors. Mol Immunol 2015;63:113-124.

Kim DH, Cho E, Cho SB, Choi SK, Kim §, Yu J, et al. Complete
response of hepatocellular carcinoma with right atrium and pul-
monary metastases treated by combined treatments (a possible
treatment effect of natural killer cell): a case report and literature
review. Medicine (Baltimore) 2018;97:¢12866.

Burke SM, Issekutz TB, Mohan K, Lee PW, Shmulevitz M,
Marshall JS. Human mast cell activation with virus-associated
stimuli leads to the selective chemotaxis of natural killer cells by a
CXCLB8-dependent mechanism. Blood 2008;111:5467-5476.
Sung PS, Jang JW. Natural killer cell dysfunction in hepatocellular
carcinoma: pathogenesis and clinical implications. Int ] Mol Sci
2018;19:3648.

Ghiara P, Boraschi D, Villa L, Scapigliati G, Taddei C, Tagliabue
A.In vitro generated mast cells express natural cytotoxicity against
tumour cells. Immunology 1985;55:317-324.

1952

HEPATOLOGY COMMUNICATIONS, November 2021

55)

56)

57)

58)

Karovic S, Shivan EF, Zhang SQ, Cao H, Maitland ML.
Patient-level adverse event patterns in a single-institution study
of the multi-kinase inhibitor sorafenib. Clin Transl Sci 2016;9:
260-266.

Wang P, Tan G, Zhu M, Li W, Zhai B, Sun X. Hand-foot skin
reaction is a beneficial indicator of sorafenib therapy for pa-
tients with hepatocellular carcinoma: a systemic review and
meta-analysis. Expert Rev Gastroenterol Hepatol 2018;12:
1-8.

Diaz-Gonzilez A, Sanduzzi-Zamparelli M, Sapena V, Torres F,
LLarch N, Iserte G, et al. Systematic review with meta-analysis:
the critical role of dermatological events in patients with hepa-
tocellular carcinoma treated with sorafenib. Aliment Pharmacol
Ther 2019;49:482-491.

Mizukami Y, Sugawara K, Kira Y, Tsuruta D. Sorafenib stimu-
lates human skin type mast cell degranulation and maturation. J
Dermatol Sci 2017;88:308-319.

59) Josephs DH, Spicer JF, Corrigan CJ, Gould HJ, Karagiannis SN.

Epidemiological associations of allergy, IgE and cancer. Clin Exp
Allergy 2013;43:1110-1123.

60) Jensen-Jarolim E, Bax HJ, Bianchini R, Capron M, Corrigan C,

61)

62)

Castells M, et al. AllergoOncology - the impact of allergy in on-
cology: EAACI position paper. Allergy 2017;72:866-887.

Platzer B, Elpek KG, Cremasco V, Baker K, Stout MM, Schultz
C, et al. IgE/FcepsilonRI-mediated antigen cross-presentation by
dendritic cells enhances anti-tumor immune responses. Cell Rep
2015;10:1487-1495.

Mehta N, Yao FY. What are the optimal liver transplantation
criteria for hepatocellular carcinoma? Clin Liv Dis (Hoboken)

2019;13:20-25.

Autors names in bold designate shared (co-first)

authorship.

Supporting Information

Additional Supporting Information may be found at

onlinelibrary.wiley.com/doi/10.1002/hep4.1770/suppinfo.


https://doi.org/10.1002/hep.31497
https://doi.org/10.1002/hep.31497
http://onlinelibrary.wiley.com/doi/10.1002/hep4.1770/suppinfo

