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ABSTRACT

Patients with colorectal liver metastases (CLM) commonly receive neoadjuvant chemotherapy (NACT)
prior to surgical resection. NACT may induce immunogenic cell death with subsequent recruitment of
T-cells to the tumor microenvironment, which could be exploited by immune checkpoint inhibition (ICl).
In theory, this could expand the use of ICl to obtain responses also in microsatellite stable colorectal
cancer, but evidence to suggest optimal treatment schedules are lacking. In this study, densities of total-
, cytotoxic-, helper- and regulatory T-cells were quantified by immunohistochemistry in resected CLM
from 92 patients included in the OSLO-COMET trial (NCT01516710). All but one patient had microsa-
tellite stable tumors (91/92). Associations between T-cell densities and clinicopathological parameters
were analyzed. Fluoropyrimidine-based NACT (in most cases with addition of oxaliplatin or irinotecan)
was administered to 45 patients completed median 8 weeks prior to surgical resection. No overall
association was found between NACT administration and intratumoral T-cell densities. However, within
the NACT group, a short time interval (<9.5 weeks) between NACT completion and CLM resection was
strongly associated with high intratumoral T-cell densities compared to the long-interval and no NACT
groups (medians 491, 236, and 292 cells/mm?, respectively; P < .0001). The results from this study
suggest that the observed increase in intratumoral T-cells after NACT administration may be transient.
The significance of this finding should be further explored to ensure that optimal treatment schedules
are chosen for studies combining cytotoxic chemotherapy and ICI.
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immunogenic cell death (ICD)® could cause release of tumor-
associated antigens and damage-associated molecular patterns,
leading to activation of antigen-presenting cells and subsequent
recruitment of effector T-cells to the tumor. In theory, this process
could be exploited for combined treatment with ICI, but the
evidence supporting the occurrence of chemotherapy-induced
ICD has essentially been gained from preclinical studies, and
evidence to suggest optimal treatment schedules are lacking,'*~**

In a cohort of CLM resected after neoadjuvant chemother-
apy (NACT) we recently identified transcriptional changes
that are part of canonical pathways related to immune activa-
tion, such as natural killer cell signaling, dendritic cell matura-
tion, leukocyte migration, and danger signaling through
pattern recognition receptors.'’ Furthermore, in a study of
locally advanced rectal cancer, we observed that increased
serum levels of inducer of dendritic cell maturation, fms-like
tyrosine kinase 3 ligand (FIt3L), were detected after adminis-
tration of NACT."*"” These observations could indicate the
occurrence of ICD upon NACT exposure. In this study, we
hypothesized that these previously reported putative ICD

Introduction

Metastatic progression is the main cause of mortality in colorectal
cancer (CRC), with 50% of patients presenting with colorectal
liver metastases (CLM)." Surgical resection is feasible in up to 20%
of patients and remains the gold standard curative treatment
option, but cancer recurrence occurs in up to 70% of cases.”™
Following the European Organization for Research and
Treatment of Cancer Intergroup trial 40983 (NCT00006479),
where perioperative chemotherapy was shown to improve pro-
gression-free survival (PFS) in patients with resectable CLM,
perioperative chemotherapy has been implemented as standard-
of-care in high-risk patients.” Since the majority of metastatic
CRC cases are classified as microsatellite stable (MSS) and have
a low tumor mutational burden, only a small proportion of CLM
patients are candidates for immune checkpoint inhibition (ICI).*”
In addition to microsatellite instability (MSI) and high tumor
mutational burden, a high number of tumor-infiltrating T-cells
are considered a predictive biomarker for response to ICI
therapy.® Drugs that evoke immune activation by induction of
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effects would result in increased density of T-cells in resected
CLM after NACT exposure. The density of total (CD3+, T\,),
cytotoxic (CD8+, CTL), helper (CD4+, TH) and regulatory
(FOXP3+, Treg) T-cells was investigated using immunohisto-
chemistry in 92 patients undergoing CLM resection included
in a randomized controlled trial.

Results

Clinicopathological parameters and associations with
T-cell densities

Of the 92 study patients bearing a total of 144 CLM, 55 were
male (60%), median age was 68 years (61-73 years), and most
patients were Eastern Cooperative Oncology Group (ECOG)
score 0 (n = 66; 72%) and had low clinical risk score (CRS) of
0-2 (n = 68; 74%). Median carcinoembryonic antigen (CEA)
prior to CLM resection was 5 pg/L (IQR 3-9). The primary
colorectal cancers (pCRC) included 68 (74%) located in the
left colon and rectum, mostly T3 and T4 tumors (n = 86;
93%), with more than half of the cases exhibiting lymph node
metastases (n = 52; 56%) (Table 1). In univariable analysis,
a CEA value above the median was associated with lower T,
values in the IT and IM regions (Supplementary Table 1).

Table 1. Clinicopathological variables.

Number
Variable (%)
All cases 92
Gender Male 55 (60)
Female 37 (40)
Data pertaining to pCRC
TNM classification T1-2 6 (7)
T3 71 (77)
T4 15 (16)
NO 40 (43)
N1 28 (30)
N2 24 (26)
M1 36 (39)
pCRC location Right colon 24 (26)
Left colon + rectum 68 (74)
Data pertaining CLM
Age Median (IQR) 68
(61-73)
Performance status ECOG 0 66 (72)
ECOG 1 and 2 22 (24)
NA 4 (4)
Clinical risk score 0-2 68 (74)
3-4 23 (25)
NA 1(1)
Microsatellite instability 1(1)
NACT No NACT 47 (51)
NACT 45 (49)
Resection interval (weeks), median 8 (3-38)
(range)
Number of NACT cycles, median 4 (3-12)
(range)
NACT regimens Fluoropyrimidine + 31 (69)
oxaliplatin
Fluoropyrimidine + 6 (13)
irinotecan
Fluoropyrimidine + other 7 (16)
Oxaliplatin monotherapy 1)
RECIST response (n = 44) Partial response 19 (43)
Stable disease 19 (43)
Progressive disease 6 (14)

pCRC, primary colorectal cancer; TNM, Union for International Cancer Control
TNM dlassification 7" edition; CLM, colorectal liver metastases; ECOG, Eastern
Cooperative Oncology Group; NACT, neoadjuvant chemotherapy; RECIST ver-
sion 1.1, The Response Evaluation Criteria in Solid Tumors.
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T-cell densities in CLM

This study aimed to quantify T-cells (T, and T-cell subtypes
(CTL, TH, and Treg) in the following regions: Invasive mar-
gin (IM), intratumor (IT) and adjacent liver tissue (Np;) in
surgical CLM specimens. The IM region contained the great-
est median density of T-cells of all subtypes (Table 2). The
density of Ty in the IM region, 2360 cells/mm?* (1822-3323)
was 7 times greater than in the IT region with 319 cells/mm?
(180-546) and 13 times greater than in the Ny; region with
183 cells/mm” (108-265). This study examined T-cell densi-
ties in hotspots on serial slides, and CTL and TH corre-
sponded well to Ty (R* = 0.99) in IM, IT and Ny
combined (Figure 1). When exploring the relative T-cell den-
sities by calculating ratios between T, and subtypes in each
region, TH were found to constitute almost 2/3 of Ty, in the
IM and IT regions, in contrast to only 1/3 in Ny
(Supplementary Table 2). The density of Treg was generally
very low, with 188 cells/mm? (94-340) in the IM region, 50
cells/mm® (26-88) in IT, and almost none found in Ny
(Table 2).

Variation in T-cell densities in cases with multiple
metastases

For the 31 patients with multiple metastases, the median IM
intra-hepatic variation was 686 cells/mm? which was substan-
tially lower than the inter-patient range of 4035 cells/mm” in
patients with only one metastasis (Supplementary table 3 and
Supplementary Figure 1). In subsequent analyses of cases with
multiple metastases, the mean T-cell densities for each case
were used unless otherwise stated.

NACT administration and associations with T-cell
densities

When analyzed as a dichotomous parameter (NACT versus no-
NACT), NACT administration was not associated with changes
in T-cell densities (Supplementary Table 1), but the variation of
T-cell densities within the NACT group was substantial, and
parameters related to NACT administration were therefore
explored. The time interval between NACT completion and
CLM resection (resection interval) within the NACT group
varied considerably (3-38 weeks). In univariable analysis,
a short resection interval (using the median of 8-week as
a cutoff) was strongly associated with a high T, density in
the IT with no difference found in the IM or Ny; regions. The
number of administered NACT cycles, the choice of NACT
regimen, and radiologically assessed response to NACT were
not associated with T-cell densities (Supplementary Table 1). In
multivariable binary logistic regression analysis including

Table 2. T-cell densities (cells/mm?), median (interquartile range).

Invasive margin Intratumor Adjacent liver

Trot 2360 (1822-3323) 319 (180-546) 183 (108-265)
CTL 930 (716-1277) 118 (53-221) 106 (63-174)
TH 1585 (1093-2135) 199 (110-359) 67 (39-115)
Treg 188 (94-340) 50 (26-88) 3 (1-7)

Tior, total T-cells; CTL, cytotoxic T-cells; TH, helper T-cells; Treg, regulatory T-cells.
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Figure 1. Scatter plot showing the correlation between the total number of T-cells (T, and the sum of cytotoxic and helper T-cell subtypes (CTL and TH) in all
tumor regions and adjacent liver tissue. The diagonal line indicates linear regression analysis (R* = 0.99), suggesting that CTL and TH corresponded well to Ty,

resection interval, age, gender and CEA, only a short resection
interval was associated with an increased likelihood of a T-cell
density above the cohort median compared to a long resection
interval (odds ratio 4.78 (95% CI 1.19-19.19), P = .001) and
No-NACT (odds ratio 4.68 (95% CI 1.5-15.70), P = .05)
(Supplementary table 4).

To further refine a cutoff for the resection interval, receiver
operating characteristics (ROC) analysis was performed, which
identified 9.5 weeks as the time interval that most significantly
separated cases with high and low T-cell densities (area under the
curve 0.78; 95% CI 0.68-0.88; P < .0001). Using the 9.5-week cutoff,
30 patients (bearing 54 tumors) had a short NACT-CLM resection
interval (short-interval group) and 15 patients (bearing 33 tumors)
had a long interval (long-interval group). Including all metastases
in the analysis, the short-interval group had a T\ density in the IT
region twice that of the long-interval group (491 cells/mm?* (271--
926) versus 236 cells/mm? (102-323), respectively; P < .0001), and
significantly greater than the no-NACT group (292 cells/mm®
(187-491)) (Figure 2a) (Supplementary table 5). Differences of
similar magnitude were observed for all T-cell subtypes (CTL,
TH and Treg) in the IT region (Figure 2b-d, Figure 3 and
Supplementary table 5).

When exploring T-cell densities in the Np; region, no
associations were observed between NACT administration
subgroups and T-cell populations (Supplementary table 5).
In IM, however, the densities of Ty, (Supplementary Figure
2a) and TH (Supplementary Figure 2c) were lower in the
long-interval group compared to the no-NACT and short-
interval groups, while the Treg density was similar to the
short-interval  group (Supplementary Figure 2d and
Supplementary table 5). In contrast, in IT, for Treg:CTL the
opposite was observed, where the long-interval group had

a significantly higher Treg:CTL ratio compared to the short-
interval group (0.60 (0.21-1.30) versus 0.29 (0.20-0.53)
P =.04) (Supplementary Figure 3 and Supplementary table 6).

MSI analysis and expression of programmed death-ligand
1 (PD-L1)

Only one case was classified as MSI, the remaining being MSS.
Interestingly, the only MSI patient was in the no-NACT
group and displayed an IT T, density of 455 cells/mm®
which was higher than the cohort median of 319 cells/mm?,
and CTL density was almost twice as high, 212 cells/mm?
compared to 118 cells/mm” in cohort median. In IM, the
MSI patient had a similar T-cell density to cohort median
(Table 2). PD-L1 expression was <1% in the analyzed cases,
with the exception of one case, where PD-L1 expression was
between 1-5% (Supplementary figure 4).

Long-term outcome and associations with
clinicopathological parameters and T-cell densities

The median follow-up time after CLM resection was 63 months
(95% CI, 61-64), during which time 47 patients had died, and
the 5-year overall survival (OS) was 51%. Estimated median OS
for study patients was 61 months. The median PFS was
19 months (95% CI: 11-27) with a median follow-up time of
57 months (95% CI: 51-62). Sixty-nine of the 92 patients
experienced the following PFS events (first registered event):
recurrent liver metastases (n = 27); lung metastases (n = 7);
other metastatic sites (n = 11); multiple metastatic sites
(n = 15); other cancer (n = 6); and death without known cancer
recurrence (n = 3). Three parameters were associated with
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Figure 2. Dot density plots of intratumoral T-cell densities (cells/mm?) in the NACT subgroups.

Light gray circles, No-NACT group (n = 57 tumors); dark gray triangles, short-interval group (n = 54 tumors); and open circles, long-interval group (n = 33 tumors).
Group median is indicated by the horizontal lines. Subgroups are compared pairwise, and significant differences are indicated: *, P < .05; ** P < .01; *** P < .001;
***% P < .0001. a) Ty, total amount of T-cells, b) CTL, cytotoxic T-cells, c) TH, helper T-cells, d) Treg, regulatory T-cells

inferior OS (Supplementary table 7); pCRC N2 stage (Hazard
ratio (HR) 2.7 (1.4-5.22), P < .0001), age (HR 1.05 (1.01-1.08),
P = .01) and poor performance status (ECOG 1-2; HR 2.12
(1.13-3.96), P = .02). ECOG 1-2 was also associated with worse
PFS (HR 2.44 (1.32-4.50), P = .004), while N2 stage and age
were not. Specifically, CRS, NACT administration, T-cell den-
sities, and NACT subgroup did not exhibit association with
long-term outcome (neither OS nor PES) (Supplementary
table 8).

Discussion

The main finding of this study was that the median density of
T-cells in the IT region was substantially increased in the group
resected within a short-interval (<9.5 weeks) following NACT
completion, whereas the long-interval group displayed T-cell
levels comparable to or lower than what was observed in no-
NACT group. Our identification of a subgroup of cases that did
not exhibit T-cell infiltration after NACT administration is
somewhat in contrast to other reports in the field, as most
studies examining T-cell densities in resectable CLM have
reported increased T-cell densities."®™'® Additionally, although
preoperative biopsies are not generally recommended in CLM,
in one small study (n = 11) an increase in CTL after NACT was
demonstrated when comparing resection specimens to preo-
perative biopsies.'” This is in line with results from a range of
primary cancer entities where pretreatment biopsies and

surgical resection specimens were available (including rectal
cancer,'>?° triple-negative breast cancer,”’ non-small cell lung
cancer” and squamous cell carcinoma of the cervix*). Other
studies that have analyzed tumor T-cell infiltration after NACT
administration have explored patient cohorts with NACT-
surgery intervals ranging between 2 and 10 weeks,'®'”*>*?
corresponding well with our short-interval group, and a time-
dependent decline in T-cell infiltration after NACT might not
have been detected. Interestingly, in a study examining T-cell
infiltration in 47 cases with resectable CLM that had completed
NACT more than 12 weeks prior to CLM resection, the actual
T-cell densities were of a magnitude comparable to our find-
ings; CTL and Treg densities were similar in the NACT and
no-NACT groups.”* Only one of 92 tumors expressed PD-L1
above 1%, which is in accordance with previous findings in
CRC* and CLM.*

In addition to changes in absolute T-cell densities, inter-
esting differences in the relative composition of T-cell sub-
groups were identified, exemplified by the Treg:CTL ratio in
the IT region. The lowest Treg:CTL ratio was detected in the
short-interval group and the highest in the long-interval
group (2 times higher than the short-interval group). This
finding not only suggests an attenuation of the T-cell
response, but also a time-dependent relative increase of
Treg, which could be hypothesized to contribute to a more
immunosuppressive tumor microenvironment in the after-
math of NACT administration. To the best of our knowledge,
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Figure 3. Representative immunohistochemistry images from the intratumoral region of two cases with colorectal liver metastasis. Sections were stained to detect
the total amount of T-cells (CD3+) and cytotoxic T-cells (CD8+). On serial slides, corresponding hotspots were selected to quantify T-cells for each case, shown by the
black rectangles. (Images were acquired at 4x magnification and the black line represents 0.2 mm).

Case 1 (short-interval NACT subgroup): (a) total number of T-cells. (b) cytotoxic T-cells. Case 2 (no NACT subgroup): (c) total number of T-cells. (d) cytotoxic T-cells

this has not been described previously in the context of NACT
administration in CLM.

In the present work, we investigated the immune response
to NACT in CLM, measured by analysis of T-cell densities in
available samples from the first 100 cases included in the
OSLO-COMET trial. The patients enrolled had resectable
metastatic disease eligible for a parenchyma-sparing proce-
dure and a large proportion of patients displayed favorable
prognostic features (left-sided pCRC, low CRS, good perfor-
mance status, few metastases and response to NACT). With
the primary objective of the OSLO-COMET trial being short-
term surgical outcome, no protocol provisions had been made
regarding NACT regimen or schedule.®” Specifically, an
intended time interval between NACT completion and sur-
gery was not indicated, resulting in substantial variation in
this parameter (3-38 weeks), allowing analysis regarding how
this time interval was associated with the immune response.

A challenge when interpreting the data is the large variability
of methods used to quantify immune cells in tissues, making
comparisons between studies difficult. A number of alternative
strategies have been applied to select areas for analysis, including
hotspots, tissue microarrays and whole slide analysis, with addi-
tional variation in the use of manual versus automated quanti-
fication strategies.”® ' In our study, representative hotspot
selection was verified by a pathologist, and manual counting
exhibited low inter-investigator variation, ensured identification
of stained cells, and allowed separate analysis of tumor regions

(IT, IM and Ny;). However, the method is highly labor consum-
ing and does not account for the total number of T-cells in the
entire tumor section. The hotspot method was used by Galon
et al. in the seminal work where a strong association between the
immunoscore (IS) and clinical outcome of patients with pCRC
was established, and the IS was later validated in analyses of
whole-slide images by the same investigators, suggesting that
both approaches may be applied.”*****

The findings in the short-interval group are in agree-
ment with previous reports suggesting that NACT admin-
istration causes increased T-cell infiltration in CLM,
possibly by ICD-related mechanisms. Since the presence
of intratumoral T-cells is a prerequisite and potentially
a predictive biomarker for response to ICI treatment, the
finding encourages studies to explore treatment regimens
where cytotoxic chemotherapy and ICI are combined. We
are currently investigating the efficacy of alternate admin-
istration of the Nordic FLOX regimen’* with nivolumab in
metastatic CRC through the randomized METIMMOX trial
(Colorectal Cancer METastasis - Shaping Anti-tumor
IMMunity by OZXaliplatin; NCT03388190). Importantly,
the apparent time-dependent changes in tumor immune
cell densities suggest that there is a window of opportunity
to exploit such treatment combinations, but whether the
finding can be generalized to other clinical settings is not
clear. The significance of this novel finding should be
further explored to ensure that optimal treatment schedules



are chosen for studies combining cytotoxic chemotherapy
and ICIL.

Materials and methods
Patients

Patients with resectable CLM were included in the Oslo
Randomized Laparoscopic Versus Open Liver Resection for
Colorectal ~ Metastases  Study (OSLO-COMET trial,
NCT01516710) following informed consent.* The study
was approved by the Regional Committee for Health and
Research Ethics in Norway (2011/1285/REK Ser-@st B).
This OSLO-COMET substudy analyzed available samples
from the first 100 cases included in the trial between
February 2012 and September 2013. Of these, eight cases
were excluded from analysis for the following reasons:
benign histology in the surgical specimen (n = 4; 2
hemangiomas, 1 focal nodular hyperplasia, and 1 fat infil-
trate); metastases not resectable (n = 2); no tissue available
(n = 2). In two recurrent CLM cases, the lesions were
missed at surgery, but tissue from the previous CLM
resection (prior to inclusion in the OSLO-COMET trial)
was available for analysis. The study cohort thus consisted
of 92 cases, of which 33 had more than one metastatic
tumor resected (range 2-6) resulting in a total of 144 CLM
for analysis. Missing clinical data was retrieved from refer-
ring hospitals. The pCRC was staged according to the
TNM classification (International Union Against Cancer
TNM classification 7" edition).>® Performance status was
classified using ECOG score.”® The CRS was calculated by
giving 1 point for each of the following parameters: lymph
node metastases in pCRC, <12 months from pCRC to
diagnosis of CLM, multiple metastases, largest metastasis
> 5 cm, CEA > 200 pg/L. A CLM with CRS < 2 was
considered to have a low risk of colorectal cancer
recurrence.”’

Histological assessment

Surgical specimens were formalin fixed and paraffin
embedded as part of routine pathology processing, and one
representative tissue block was selected for analysis from each
of thel44 metastatic tumors. The IM, IT and Ny; regions were
identified in hematoxylin and eosin stained sections, and
selections were confirmed by a pathologist (Supplementary
figure 5).

T-cell densities assessed by immunohistochemistry

Four-pm sections were deparaffinized and pre-treated using PT-
link, and subsequently stained using the Dako EnVision™
FLEX+ detection system (Agilent, California, USA). Serial sec-
tions were stained with antibodies for Ty, (CD3 rabbit mono-
clonal antibody; clone SP7; dilution 1:500, Thermo Scientific,
California, USA), CTL (CD8 Novocastra™™ lyophilized mouse
monoclonal antibody; clone 4B11; 1:200, Leica Biosystems,
Germany); TH (CD4 mouse monoclonal; clone 4B12; ready-to-
use; DAKO Denmark AS), and Treg (Anti-FOXP3 antibody;
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clone 236A/E7; dilution 1:400; Abcam, Cambridge, United
Kingdom), all with positive controls. The slides were digitized
and within scanned images multiple hotspots were selected; four
from the IM region; three from the IT, and two representative
areas of Ny tissue, where possible. The areas were marked on the
hematoxylin and eosin slides, and the corresponding regions
were located on serial sections stained for detection of T,
CTL, TH and Treg (Figure 3). T-cells were manually counted
by VID and SEM who were blinded with respect to patient
characteristics, including preoperative treatment, at the time of
T-cell quantification. T-cell density (cells/mm?) was calculated
within each region. T-cells were counted over a median area
(interquartile range, IQR) of 1.20 mm? (1.14-1.28 mm?) in IM;
114 mm? (1.14-1.15 mm?® in IT; and 0.76 mm?
(0.76-0.77 mm®) in Ny;. For method validation purposes 26
tumors randomly selected from 16 patients were counted by
both investigators. Linear regression analysis comparing results
obtained was calculated with an R* > 0.95 with no significant
difference comparing medians for each investigator.

PD-L1 expression assessed by immunohistochemistry

One representative slide was selected for each patient and
stained with anti-PD-L1 (405.9A11) mouse monoclonal anti-
body (Cell Signaling Technology, Danvers, Massachusetts,
USA) using the Flex+ detection system. The proportion of
positive cells in the IT region was assessed by a pathologist
familiar with the method (MLI).*®

Analysis of MSI

The Idylla™ MSI Assay from Biocartis (Mechelen, Belgium) was
used according to the manufacturer’s instructions to determine
whether tumors were MSS or MSI. In 56 of the 92 cases, isolated
DNA was available from CLM samples as previously described,"
while in 36 cases, formalin-fixed tissue was used (31 from study
CLM resections and 5 using tissue from the pCRC sample, where
the CLM sample contained <10% tumor tissue).

Neoadjuvant chemotherapy

Forty-five of the 92 patients (49%) received NACT, which was
completed median 8 weeks (range 3-38) prior to CLM resec-
tion, with a median of 4 cycles administered (range 2-12
cycles) (Table 1). Fourteen patients out of the 47 who did
not receive NACT were treated with chemotherapy after
resection of the primary tumor but prior to CLM diagnosis,
completed median 70 weeks (range 18-191 weeks) before
CLM resection. The timing of surgery after NACT, the type
of NACT regimen and the number of NACT cycles were
decided by the multidisciplinary team and these parameters
were not predefined by the OSLO-COMET study protocol.””
All except one patient (who had oxaliplatin monotherapy)
received fluoropyrimidine-based treatment with addition of
oxaliplatin (n = 31, 1 with addition of epidermal growth factor
receptor antibody), irinotecan (n = 6; 3 in combination with
bevacizumab, 2 with epidermal growth factor receptor anti-
body), or were converted from oxaliplatin to irinotecan
(because of toxicity or poor response; n = 3) (Table 1).
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Response to NACT was retrospectively quantified by
a radiologist by measuring the largest diameter at baseline
and preoperatively on computer tomography or magnetic
resonance images. Of the 45 patients (87 metastases), 9 metas-
tases from 4 patients had preoperative radiological images of
insufficient quality for assessment of response to NACT,
leaving 44 patients (78 metastases) available for radiological
response evaluation. Response to NACT was classified for
individual metastases as partial response (PR; 230% reduction
of largest diameter) or stable disease (SD; <30% reduction to
<20% increase in size), and progressive disease (PD; >20%
increase of the largest diameter), using the principles of
Response Evaluation Criteria in Solid Tumor 1.1 (RECIST
1.1),> no complete responses were observed. For patients
with multiple metastases, an overall response per patient was
calculated using the mean percentage change per patient.

Variation in intra-hepatic and inter-patient T-cell
densities

Of the 33 cases with multiple metastases, 2 cases had only one
metastasis available for immunohistochemistry. For each of
the 31 patients with >1 metastasis available, the variation in
intra-hepatic T-cell density was compared to the variation
observed between patients (inter-patient variation) in the
remaining cohort (59 patients). This was calculated by com-
paring the range of T-cell densities for all subtypes and
regions in the multiple metastases to the total cohort.

Statistical analysis

Most variables were not normally distributed and were described
using percentages and median with interquartile range (IQR)
unless otherwise stated. Categorical variables were created from
the following clinicopathological parameters by using medians as
cutoff: Age, CEA (pg/L) at CLM resection, time from NACT
completion to CLM resection (resection interval, weeks), number
of NACT cycles, and T-cell densities (cellsymm?) (Table 2).
Independent variables were compared using Mann-Whitney
U for two groups, and Kruskal Wallis for three groups.
Frequencies were compared using contingency tables and Chi-
square. Correlations between Ty, and CTL + TH in IM, IT and
Ny; were analyzed by linear regression. Results were reported with
R*value and P. Univariable analyses were performed to determine
associations between clinicopathological parameters and T-cell
densities. Multivariable binary logistic regression analysis was
performed using IT T, density as a dependent variable, including
parameters with P < .1 from univariable analysis in addition to age
and gender. P < 0.05 were considered statistically significant.
A ROC analysis was performed by stratifying IT T, into high
or low using cohort median T\, density as a state variable and the
time interval from NACT completion to study CLM resection as
test variable. OS was calculated from CLM resection to date of
death (obtained from the Norwegian National Registry) or censor
date (31 December 2017). PFS was calculated from the time of
CLM resection to the first event, last radiological follow-up, or
death. Univariable analyses were performed by the Kaplan-Meier
method to estimate OS and PES. Reverse Kaplan-Meier method
was used to estimate median follow-up and median time to event.

HR was calculated using Cox proportional hazard analysis and
was reported with 95% confidence interval (CI). Data was collated
and analyzed using IBM SPSS statistics software (version 25, IBM
Corp, Armonk, NY).
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