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Abstract

Background Recent studies have shown an association in non-metastatic colorectal cancer between patient survival and
immunoprofiling (expression of CD3, CD4, CD8, CD45, and FOXP3 T cells at the invasive margin (IM) and the tumor center
(TC)) regardless of stage. Patients with peritoneal carcinomatosis have a dismal prognosis, but survival can be significantly
improved in selected patients who undergo cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS/HIPEC).
However, current patient selection for CRS/HIPEC is suboptimal. The purpose of this study is to evaluate immune profiles of
patients with peritoneal carcinomatosis and their correlation with overall survival (OS).

Methods The study cohort included patients from a prospectively maintained database of adults with colorectal peritoneal
carcinomatosis who underwent CRS/HIPEC. Immunohistochemistry (IHC) using antibodies to CD3, CD4, CD8, CD45RO,
and FOXP3 T cells was performed. IHC image density was calculated using ImageJ software, and an immunoscore was
determined.

Results Eighty tumors were evaluated from 66 patients. These included 14 primary sites and 66 metastatic sites. RO/R1 resection
was achieved in 44 (66.7%) patients. Known prognostic factors including resection status (HR 1.99, p = 0.004) and lymph node
status (HR 3.49, p = 0.002) were associated with overall survival. On multivariate analysis, increased CD3/CD4 IM (HR 0.54, p
= 0.03) ratio positively was associated with improved OS.

Discussion This is the first study to assess the utility of subtypes of T cells as prognostic markers in patients with colorectal
peritoneal carcinomatosis, which may play a role in patients with low-volume disease. Further studies into immune mechanisms
may improve patient selection for cytoreductive surgery and HIPEC as well as provide novel pathways for effective
immunotherapy.

Keywords Peritoneal carcinomatosis - Immune profiling - HIPEC

Background
Immune profiling has recently been shown to be an important
D4 Anton J. Bilchik, MD prognostic factor in colorectal cancer (CRC). ' The presence
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FOXP3 (regulatory T cells), correlated with higher disease-
free survival in a multicenter prospective clinical trial in stage
1-3 colon cancer.” An “immunoscore” in CRC has been de-
veloped using TILs, specifically CD3+ and CD8+, to both
prognosticate and direct treatment. > Little is known about
its prognostic value in patients with metastatic disease partic-
ularly those patients with peritoneal carcinomatosis. We have
found that appendiceal cancers with peritoneal dissemination
have better outcomes if they have an immune enhanced sig-
nature, rather than one which is oncogene dominant.®
Typically patients with peritoneal involvement have a poor
survival and quality of life.

Cytoreductive surgery (CRS) and hyperthermic intraperi-
toneal chemotherapy (HIPEC) are complex procedures; the
goals of which are to remove all visible cancer and perfuse
heated chemotherapy to eliminate micrometastases. In 2003,
Verwaal et al. showed that CRS and HIPEC improve survival
by about a year in patients with peritoneal metastases of colo-
rectal origin.” This often requires resection of multiple organs
and is associated with considerable morbidity in over a third of
patients.'® In the appropriate patients, however, a significant
improvement in the 5 year survival was improved by 50%, but
it is 50% has been reported.'"'

The selection of patients for this procedure who are most
likely to benefit continues to be challenging. A better under-
standing of the dynamic role between the immune environ-
ment and outcomes after surgery will help surgeons with pa-
tient selection as well as quality of life discussions related to
long-term prognosis. The purpose of this study is to identify
immune profile pattern changes with peritoneal disease pro-
gression of colon cancer and evaluate if those patterns are
predictive of recurrence and overall survival.

Methods

All tissue and clinical history were obtained for research from
a prospectively maintained database with institutional review
board (IRB) approval at Wake Forest University Medical
Center, Winston-Salem, NC. Data sharing between Wake
Forest Baptist Medical Center and John Wayne Cancer
Institute was approved by the IRBs of both institutions (IRB
2019000171). All tumor specimens were identified grossly by
apathologist and processed as formalin-fixed paraffin-embed-
ded (FFPE) tumor blocks and maintained in a tissue
repository.

Patient selection used a prospectively managed database of
patients undergoing CRS/HIPEC for biopsy-proven peritone-
al metastases from colorectal cancer at Wake Forest
University Medical Center between 2010 and 2014. Tissue
was included only from a patient’s first CRS/HIPEC, and
not subsequent resections. Excluded patients were those <
18 years of age, those with appendiceal cancers, and those
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who were not perfused with chemotherapy. Techniques for
CRS/HIPEC have been described elsewhere.'® The
Peritoneal Cancer Index (PCI) was tabulated at the time of
surgery. This was calculated by dividing the abdomen into 9
sections and the bowel into 4 sections. Scores in each area are
given 0-3 (0 for no gross disease, 1 for 0-0.5 cm of disease, 2
for 0.5-5.0 cm, and 3 for > 5.0 cm).]4 Patients were stratified
as low or high PCI using a cutoff PCI score of 11 based on a
recent French PRODIGE 7 randomized trial, which compared
cytoreduction alone with cytoreduction and HIPEC'®. This
cutoff was chosen as the trial suggested that cytoreduction
alone may be adequate in this low PCI group and the addition
of HIPEC benefited those with a PCI score of 11-15".
Additionally, 12 was the median PCI, making the groups
equally distributed. Neoadjuvant chemotherapy was defined
as any therapy within 3 months prior to the CRS/HIPEC.

Immunohistochemistry (IHC) was performed on 4-pm for-
malin-fixed paraffin-embedded slides by NeoGenomics
Laboratories, Inc (Aliso Viejo, CA). Primary polyclonal anti-
bodies included anti-CD3 clone 2GV6, anti-CD4 clone SP35,
anti-CD45 clone UCHLI, anti-CD8 clone C8/144B, and anti-
FOXP3 clone 236A/E7. Tissue was evaluated for adenocarci-
noma implants and [HC-stained slides were reviewed to eval-
uate the stain density at the tumor center (TC) and invasive
margin (IM) as previously described by Lavotshkin et al.' The
most representative image was captured for data analysis by a
pathologist blinded to clinical data. Image analysis and densi-
ty calculation were done using the ImageJ Java-based process-
ing program (National Institutes of Health, Bethesda, MD) by
a single author who was blinded to the clinical data at the time
of analysis (Fig. 1). Prior reports identified good correlation
between blinded pathologists in image selection. '® Low ver-
sus high density scores were calculated by comparing the
lowest and highest quartiles.'? Unless otherwise stated, all
comparisons were made using metastatic tissue as this was
consistently available for all patients.

All statistical analyses were performed using SAS version
9.4. Scores were compared using the non-parametric Kruskal-
Wallis test. Survival curves were produced by the Kaplan-
Meier method. The Wilcoxon signed-rank test was used to
compare paired observations. Univariable and multivariable
survival analyses were performed by the Cox proportional
hazards method.

Results

Patient Demographics and Tumor Status

Sixty-six unique patients were included in this study, with 14
of them having both primary and metastatic tumor tissue

available for review. Thirty-six (54.5%) were female and most
had an RO/RI resection (66.7%), and the median PCI score
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was 12. The median survival was 21.2 months, 26.3 months
for RO/R1 (Table 1). Most (93%) received chemotherapy with-
in 3 months prior to cytoreduction and HIPEC, typically
FOLFOX or FOLFIRI + bevacizumab.

Immunohistochemistry Analysis of Tumor Tissue

Digital images of tumor tissue from a single patient with peri-
toneal carcinomatosis of colon origin, stained for CD3+,
CD4+, CD8+, CD45RO+, and FOXP3+ T cells, are shown
in Fig. 1. Densities of each marker in the primary and meta-
static tissue for all patients are shown in Table 2 and a com-
parison of cell densities at the invasive margin and tumor
center is seen in Fig. 2. Cell densities were consistently higher
at the invasive margin than the tumor center.

When comparing the 14 primary samples to the metastatic
tissue, both CD3+ and FOXP3+ cells in the IM were more
prevalent in the primary tumor than in the metastatic tissue (p
=0.01 and p = 0.02, respectively). The Wilcoxon signed-rank
test was used to compare the paired primary tissue to the
metastatic tissue for the 14 patients with both available.
CD3+ cells in the IM (p = 0.01), CD3+ cells in the tumor
center (TC) (p = 0.04), CD8+ cells in the TC (p = 0.05), and
FOXP3+ cells in the IM (p < 0.01) were all higher in the
primary tumor compared to the metastatic tissue. None of
the metastatic tissues had higher cell densities than the prima-
ry tumor tissues.

Obese patients (BMI> 30) were found to have lower CD4+
cell IM levels (p = 0.03) than non-obese patients.
Neoadjuvant chemotherapy had no effect on TILs (all p >
0.05). There was no difference in TIL densities between lymph
node—positive and lymph node—negative patients. Both
FOXP3 IM and CD4/CD8 TC had higher densities in those
that were able to achieve RO/RI resection status.

Fig. 1 Digital images of x 100 magnified immunohistochemistry for the T cells CD3+, CD4+, CD8+, CD45RO+, and FOXP3+ from a single patient
with peritoneal carcinomatosis of colon origin. Arrows in the top row indicate invasive margin

Associations with OS and DFS

Univariate analysis was performed on TILs, BMI, resection
status, grade, lymph node status, neoadjuvant therapy, and
PCI. On multivariate analysis, the higher CD3+/CD4+ IHC
density ratio in the invasive margin (IM) of the tumor was
significantly associated with overall survival (OS) (p = 0.04)
(Table 3). Other independent factors associated with OS were
lymph node status (p < 0.001) and an RO/R1 resection (p =
0.01). CD3+ tumor cell density in the IM was significant in
univariate, but not in multivariate, analysis (Table 3). No
TILs, including the Immunoscore, other than the CD3+/
CD4+ ratio was associated with OS.

Although lymph node positivity was associated with OS,
the density of TILs was not significantly different in those
patients with lymph node positivity versus those without pos-
itive lymph nodes. Only 7% of patients did not receive neo-
adjuvant chemotherapy, but there appeared to be no difference
in the number of TILs according to therapy.

The IM CD3+/CD4+ cell ratio, R status, tumor grade, and
lymph node status were associated with disease-free survival
(DFS) in univariate analysis, but only tumor grade (p < 0.01)
remained significant on multivariate analysis (Table 4). When
stratifying patients by PCI (< 11 or 11+), higher CD3+/CD4+
IM was associated with better OS (p = 0.007) and DFS (p =
0.009) (Fig. 3). No other TILs, including the Immunoscore,
were associated with improvement in OS or DFS.

Samples of metastatic tissue from patients with low (< 11)
versus high (11+) PCI were compared with low PCI having a
higher density of CD3 IM than high PCI (p = 0.04). OS and
DFS in these groups were then assessed. The low PCI group,
but not the high PCI patients, showed better survival with the
CD3+/CD4+ IM ratio in both OS (HR 0.32, p = 0.01) and
DFS (HR 0.36, p = 0.01). In the high PCI group, increased
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Table 1 Patient demographics and tumor status Table2 Staining densities of each immunohistochemistry marker at the
invasive margin and the tumor center in both the primary and metastatic
Factor All samples Unique patients tissue
(n = 80) (n = 66)
Score Tissue type n Mean SE p value
n % n %
CD3-IM Met 66  7.03E+05 1.02E+05  0.0135
Female 43 53.8% 36 54.5% Primary 14 1.04E4+06  3.44E+05
Male 37 46.3% 30 455%  CD3-TC Met 66 1.18B+06  1.85E+05  0.4105
Age, continuous Primary 14 1.02E+06  2.69E+05
Mean 7 43 P ey U4 diemos 20cme0s
Median > o CD4-TC 1\; . 66 2.27E+06 2'155+05 0.7516
- et 27EH JASE+ .
Range 25.0-82.0 25.0-82.0 Primary 14 6.63E+06 3.13E+06
BMI CD$-IM  Met 66  874E+05  1.67E+05  0.1922
<185 10 12.5% 9 13.6% Primary 14 6.95E+05  8.29E+04
18.5t0<25 22 27.5% 18 27.3% CDS8-TC Met 14  1.54E406 1.76E+05  0.2492
25t0 <30 26 32.5% 21 31.8% Primary 66  221E+06  4.30E+05
30+ 22 27.5% 18 273% CD45-IM Met 66  3.52E+05 4.33E+04  0.1385
BMI Primary 14 4.49E+05 1.42E+05
oy 0 40.0% . 4099  CD4STC Mt 66 581E+05 8.18E+04  0.6947
a5t A8 60.0% 39 59.1% Primary 14 851E+05  1.58E+05
, o 7 FOXP3IM  Met 66 299E+05  3.62E+04  0.0205
BMI, continuous Primary 14 323E+05 7.91E+04
Mean 280 279 FOXP3-TC  Met 66  7.03E+05  1.02E+05  0.9495
Median 26.1 26.3 Primary 14 1.04E4+06  3.44E+05
Range 19.5-49.4 19.5-49.4
Tumor erade Immunochemical evaluation of tissue sections from the tumor center
& (TC) and the invasive margin (IM). The antibodies and methodology
1 43 53.8% 37 56.1% are described in the text. The p value is the significance of the difference
2 33 41.3% 26 39.4% of IM and TC staining densities
Residual tumor status
RO/R1 52 65.0% 44 66.7%
R2 28 35.0% 22 333% earlier stage colon cancers and metastatic colon cancers.”'’
LN positivity Our study demonstrated an improved response to CRS/
Neg 18 22.5% 16 242%  HIPEC in patients with peritoneal carcinomatosis who had
Pos 62 77.5% 50 758%  higher IM CD3+/CD4+ cell ratios, particularly with lower
Peritoneal Cancer Index PCI scores.
Mean 13.6 13.1 TILs have been studied across many cancer types. Their
Median 12.0 12.0 role in cancer immunogenesis is complex. CD4+ cells are
Range 2.0-31.0 2.0-31.0 known to interact with major histocompatibility complex
<12 41 51.2% 35 53.0%  (MHC) II molecules to recruit CD8+ cells for tumor suppres-
S12 39 48.8% 31 47.0% sion. High levels of both CD4+ and CD8+ cells have been

Eighty tumors from 66 individual patients were evaluated

CD8+ IM was associated with decreased DFS (HR 2.75, p =
0.04).

Discussion

Immune profiling has been proposed as a useful adjunct to the
standard American Joint Committee on Cancer (AJCC) TNM
staging in colon cancer.” The immune environment of tumors
plays a crucial role in the prognosis and treatment of both
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associated with slower tumor growth, but these cells can also
become inactive over time. This is seen in cancer recurrence
and rapid disease growth. Reactivation of these cells is one of
the targets of immunotherapy. To further complicate this dy-
namic relationship, CD4+ cells can differentiate into regula-
tory T cells such as CD25+ or FOXP3+ cells, thereby sup-
pressing the immune response to the tumor and allowing for
growth.'® The data regarding the role of FOXP3+ cells is
inconsistent. Previous research from our institution by
Flaherty et al. showed that an increased FOXP3+/CD8+ cell
ratio in stage II and III was associated with poorer DF S’
Another study, however, showed that in stage II and III colo-
rectal cancers, high FOXP3+ alone was associated with im-
proved OS." Similarly, in this study, the FOXP3+ IM
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Fig. 2 Box plots of cell densities
at the invasive margin and tumor 0
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densities were higher in the primary than the metastases and
associated with the ability to achieve RO/R1 cytoreduction.
FOXP3+ in head and neck cancers has been similarly shown
to be associated with locoregional control.>® How these regu-
latory cells are interacting with each other as tumor burden
increases needs further study.

Low levels of CD45RO+ memory T cells are associated
with poor prognosis.”' Non-metastatic CRC patients with low
numbers of CD3+ and CD45RO+ cells have a prognosis sim-
ilar to those with metastatic disease. These memory T cells
have a long life and are hypothesized to decrease relapse.
The data in this study does not suggest a survival advantage or
longer disease-free interval with expression of this memory T
cell once the disease is already metastatic.

Galon and colleagues created an Immunoscore, based on
CD3+ and CD8+ cell positivity after concluding that these
cells provided the most accurate prognostic information.’
Flaherty et al. demonstrated the prognostic value of the tumor
immune environment for patients with stages I-III colon

Marker values/1,000,000

o ©
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CD4 CD4s cos FOXP3
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cancer, showing that total TC+IM CD8+ cells and total TC+
IM CD8+/FOXP3+ cells were significantly associated with
DFS.? In univariate analysis, increased CD3+ IM cells and
decreased CD4+/CD8+ ratio in TC+IM were associated with
improved DFS too. Additionally, studies looking at brain,
lung, and liver cancers have suggested that immune profiling
can still predict prognosis in the metastatic setting.'”**** In
this study, however, the Immunoscore calculation was not
prognostic of DFS and OS and a higher CD4+/CD8+ TC
ratio was associated with better cytoreduction, suggesting
that peritoneal carcinomatosis affects the immune system dif-
ferently than solid organ metastases and early-stage diseases.

Immunoscore has been evaluated in relation to microsatel-
lite instability (MSI). The high /mmunoscore group had the
largest percent of MSI patients, while 5% of the MSI patients
were in the lowest Immunoscore group.” Another study had
only 14% of MSI in the lowest group and 56% of MSI in the
highest Immunoscore group.” In metastatic melanoma and
non-small cell lung cancer, higher numbers of tumor-

Table 3 Univariate and

multivariate analyses of Factor TIL location  Univariate analysis Multivariate analysis
association between lymphocyte
infiltrate or tumor status in HR Cl pvalue  HR Cl p value
metastatic tissue with overall
survival CD3+ M 0.55  031-0.98  0.0431
CD3+/CD4+ ™M 044  025-0.76  0.0031 0.54  0.30-0.98  0.0419
R2 status 210 126348  0.0042 1.99 1.16-3.44  0.0131
Grade 2 2,60 155438  0.0003
Lymph node positivity 3.16 1.54-6.47  0.0017 3.49 1.68-7.25  0.0008

TIL tumor-infiltrating lymphocyte, HR hazard ratio, CI 95% confidence interval; p value statistical significance of
association between each factor and OS
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Table 4 Univariate and

multivariate analyses of Factor TIL location ~ Univariate analysis Multivariate analysis
association between lymphocyte
infiltrate or tumor status in HR Cl pvalue  HR CI p value
metastatic tissue with disease-free
survival CD3+/CD4+ M 0.56  0.33-095  0.0320
R2 status 1.68  1.03-2.75  0.0382
Grade 2 220  132-3.67  0.0024 220 1.32-3.67  0.0024
Lymph node positivity 233 1.23-440  0.0093

TIL tumor-infiltrating lymphocyte, HR hazard ratio, CI 95% confidence interval; p value statistical significance of
association between each factor and DFS

infiltrating lymphocytes predicted better response to
immunotherapy.?® The evaluation of the role of
Immunoscore in immunotherapy is an important next step.
Additionally, evaluation of the role of neoadjuvant and adju-
vant therapies, both in non-metastatic and metastatic disease,
should be further examined. In stage III colon cancer, howev-
er, the Immunoscore was recently shown to determine efficacy
of adjuvant chemotherapy. Pages et al. compared 3-month
duration and 6-month duration of mFOLFOX treatment and
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Fig. 3 Overall survival and disease-free survival for PCI < 11 based on
the CD3+4/CD4+ ratio at the IM. Top row is PCI < 11. Bottom row is PCI
11+. Kaplan-Meier analysis of overall survival (OS) and disease-free
survival (DFS) in months for patients with a high versus low CD3+/
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found that patients with an intermediate or high /mmunoscore
were the only ones who benefited from longer treatment.’
Although Immunoscore was not significant for carcinomato-
sis, the fact that the immune environment affects response to
chemotherapy is important for future study. Since most pa-
tients receive neoadjuvant chemotherapy for peritoneal carci-
nomatosis, it is possible that resection prior to chemotherapy
may be beneficial in some patients in an effort to stimulate the
immune system.
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CD4+ IM ratio with a follow-up of 60 months. The statistical significance

(p value) of the difference between the survival curves of patients with
high or low PCI is shown on each figure
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In this study of colorectal carcinomatosis, in contrast to
previous studies of non-metastatic colon and gastric cancers,
only a higher CD3+/CD4+ cell ratio appears to be associated
with decreased death and recurrence. This does not apply to
patients with more advanced carcinomatosis (PCI 11+), sug-
gesting that the immune system may become overwhelmed. In
primary tumors, increased CD4+ expression is thought to rep-
resent a more active adaptive immune system. However, in
metastatic disease, a larger fraction of these cells may have
differentiated into regulatory T cells, thus contributing to the
ability of tumors to metastasize. The higher number of TILs in
primary tumors compared to matched metastases as well as
higher CD3+ IM in low PCI patients supports this hypothesis
of eventual escape from the immune system. Similarly, Lynch
syndrome patients are less likely to develop metastases and
this has been attributed to the increased role of TILs.?’
Treatment to reinvigorate the immune system within the peri-
toneum is therefore an important area for exploration.

Limitations of this study include that it is a retrospective,
single-institution analysis of a modest number of patients.
Additionally, to standardize the surgery, those who were not
perfused were omitted. These patients generally were those
that were deemed unresectable, often with a high PCIL. They
might, however, represent a different immune environment.
This study also focuses on a subset of TILs, and other subsets
may also be involved in control of carcinomatosis. This study,
however, concurs with others that show that increased TILs
and immune profiling are valuable prognostic tools, even in
metastatic disease.

Conclusions

This is the first analysis of TILs in patients with peritoneal
metastases of colorectal origin. Analysis of the CD3+/CD4+
IM ratio using IHC is simple and inexpensive and has prog-
nostic value in patients with a low PCI score. Furthermore,
lack of correlation in advanced disease suggests that the im-
mune environment is less significant in patients with high
PCI. Although at this time we would still offer CRS/HIPEC
to low PCI patients with a low CD3+/CD4+ IM ratio, this too
warrants further study. The immune environment has previ-
ously been associated with response to chemotherapy and this
relationship should be further studied in metastatic disease.’
Exploring individualized treatment utilizing immune environ-
ment, genetic profiles, and disease burden to create algorithms
of debulking surgery, systemic chemotherapy, intraperitoneal
therapy, and targeted therapy is a crucial next step.
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