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Abstract

Micropapillary colorectal adenocarcinoma is a morphologic subtype of colorectal cancer (CRC) with insuf ciently
characterized prognostic signi cance and biological features. We analyzed the histopathological, immunological,
and prognostic features of micropapillary adenocarcinoma in two independent CRC cohorts (N = 1,876). We found
that micropapillary adenocarcinomas accounted for 4.9% and 6.4% of CRCs in the two cohorts. A micropapillary
growth pattern was associated with advanced stage and lymphovascular invasion (p < 0.001), but also with shorter
overall survival independent of these factors and other prognostic parameters (Cohort 1: hazard ratio [HR] 1.76, 95%
con dence interval [CI] 1.08-2.87; Cohort 2: HR 1.47, 95% CI 1.08-2.00). Multiplex immunohistochemistry and
machine learning-assisted image analysis showed that the micropapillary growth pattern was associated with
decreased CD3™ T-cell and CD14"HLA-DR™ monocytic cell densities. Molecular features of micropapillary adeno-
carcinoma were studied using bioinformatic analyses in The Cancer Genome Atlas (TCGA) cohort (N = 629) and
validated with optical genome mapping and immunohistochemistry. These analyses revealed that micropapillary
adenocarcinomas frequently present with chromosome region 8924 copy number gain, TP53 mutation, and
overexpression of UPK2, MUC16, and epithelial-mesenchymal transition involved genes, such as LICAM. These
results indicate that micropapillary colorectal adenocarcinoma is an aggressive morphologic subtype of CRC
characterized by shorter overall survival, decreased antitumorigenic immune response, and unique molecular
features. Our ndings support the classi cation of micropapillary adenocarcinoma as a distinct, high-risk subtype
of CRC, which should be systematically evaluated in patient care.
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Introduction Research Ethics Committee of the Wellbeing services
county of Central Finland (13U/2011, 1/2016, 8/2020,

Colorectal cancer (CRC) is the third most commorf/2023), Central Finland Biobank (BB23-0172), and

cancer in the world and the second leading cause of candgnea (FIMEA/2023/00673). In Cohort 1, all participants

death ]. Over 90% of CRCs are adenocarcinon@s [ 92ve written mforme_d consent for the study. For Cohort

which can be further classid into morphologic subtypes 2+ the need to obtain informed consent from the study

with varying histopathological, molecular, and prog-Patients was waived (MEA/2023/001573, 4/2023).

nostic features3], including signet-ring cell, mucinous,

serrated, medulla_ry, and mit_:ropapillary carcinomgs | Study population

Molecular alterations contribute to the heterogenous i

nature of CRC §]. Microsatellite instability (MSI), in 1 hree independent cohorts were analyzed (supplementary

particular, appears to be frequently present in medullafyaterial, Figure S1). _

and mucinous CRCs2[6,7 and BRAF mutation is Cohort 1 consisted Qf stagdV colorectal cancer pati-

highly present in serrated and medullary carcinogjas [ €Nt N = 1,011) surgically treated in Oulu University

However, the molecular background of many grOWthl—|osp|tal between 20_06 and 2020. Cohprt 2 conS|stgd of

patterns is currently unknown. colorectal cancer patients & 1,343) surgically treated in

Micropapillary adenocarcinoma is characterized by the Central Hospital of Central Finland between 2000
reverse polarity of small, often eosinophilic tumor cell cIus-a”d_2015- The Cancer Genome Atlas (TCGA) cohort
ters, frequently surrounded by lacunae (FigueeD) [9]. It (N = 629) was used for the analysis of the molecular

is a well-recognized subtype of various cancers, includ€atures of micropapillary CRCs. _ _
ing breast 10], bladder L1], and lung cancerip], Patients who had received preoperative radiotherapy

but micropapillary CRC has not been extensivelyP' chemoradiother_apy were exclu_deg from the ana-
investigated ). A few studies have linked micropa- ¥S€s (Cohort 1N = 235; Cohort 2:N = 243), con-

pillary CRC with adverse prognosis, although there ar§idering potential effects of neoadjuvant treatments
some conicting results regarding its independent prognos®n tumor histology. Furthermore, patients who died
tic effect P,13-16]. In various organs, micropapillary within 30 days of surgery were excluded from survival

adenocarcinomas differ from conventional adenoca@nalyses (Cohort N = 5; Cohort 2N = 37). In total,
cinomas in terms of somatic mutations, as well agatafrom 776 or771 patients in Cohort 1 and 1,100 or
mRNA, miRNA, and protein expressiofi7]. While 1,063 patients in Cohort 2 could be utilized.
micropapillary CRC has been reported to show altered

expression of villin 18] and RHOA [L9] and hlghgr Histopathological analyses

mutation frequency oTP53[20], among others, its . , )
molecular prole remains largely unknown. Further TUmor morphologic subtypes were visually estimated

research is needed to elucidate both the moleculdiom hematoxylin & eosin-stained whole-slide digital
features and the prognostic sigrance of micropapillary 1mages. While the WHO tumor classation P] sets
CRC, potentially enabling more precise patient care. the criterion fpr mlcrppaplllary colorectal ad_er_10carC|-
The purpose of this study was to comprehensivelj)o™a as & micropapillary component comprisibgo
characterize micropapillary CRC in terms of its histopath©f the tumor surface area, our study evaluated the
ological, immunological, and molecular features, as well adicropapillary component percentage as a continuous
prognostic signicance. To accomplish these aims, vat ~ Variable and categorized it to groups of 0%;2%, and
de ned the characteristics of micropapillary CRCs in two 9% 0 enable investigation of a lesser micropapillary
large CRC cohort$\ = 1,876) with extensive clinicopath- component. For Cohort 2, all cases were reviewed by VKA
ologic annotation. We then screened for the moleculnd JPV. The reprodumplllty kappascoreforthe evaluations
features characteristic of micropapillary CRC in publiclyof 5% versus <5% micropapillary percentage was 0.71.

available data\ = 629) and validated several key featuresAny discrepancies were resolved through consensus c_liscus—
in our own cohort. sion. For Cohort 1 and the TCGA cohort, cases with a

micropapillary component were screened by VKA and con-
rmed by JPV. In the TCGA breast cancer cohort, a
micropapillary growth pattern was independently evaluated
by JPV and VMP, and discordant cases were resolved
. . . through consensus discussion. pTNM stage was determined
Ethical considerations by the UICC (Union for International Cancer Control)
The study was performed in accordance with the Helsinldriteria R1]. Tumor budding was evaluated using the
Declaration. For Cohort 1, the study was conducted undguidelines recommended by the International Tumor
approval from the Regional Medical Research Ethic8udding Consensus Conferen@g][ and poorly differ-
Committee of the Wellbeing services county ofentiated clusters were evaluated in a similar manner
North Ostrobothnia (25/2002, 42/2008922/2009, by counting the numbers of poorly differentiated tumor
37/2020), Biobank Borealis (BB-2017_1012), and Fimea&ell clusters (ve tumor cells or more) in hotspots
(FIMEA/2022/001941). For Cohort 2, the study was(0.785 mm) and categorizing these into low (<5), inter-
conducted under approval from the Regional Medicainediate (59), and high (10). Lymphovascular invasion

Materials and methods
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Figure 1. Histological features and Kaplan—Meier survival analyses of micropapillary colorectal adenocarcinoma. (A) A hematoxylin & eosin
(H&E)-stained section showing the micropapillary growth pattern in most of the tumor. (B) Close-up magni cation of tumor A. The growth
pattern is composed of reverse polarity tumor cell clusters that are frequently surrounded by retraction artifacts. (C) An H&E-stained
section of a tumor with a smaller micropapillary component indicated by a circle. (D) Close-up magni cation of tumor C. Micropapillary
structures are surrounded by tumor cells arranged in glandular structures without micropapillary features. (E and F) The association of a
micropapillary component with cancer-speci ¢ survival (E) and overall survival (F) in Cohort 1. (G and H) The association of the micropapillary
component with cancer-speci ¢ survival (G) and overall survival (H) in Cohort 2. Scale bar, 25 mm (A and C) and 500 m (B and D).
Abbreviations: CSS, cancer-speci ¢ survival; OS, overall survival.

was also evaluated on hematoxylin & eosin-stained tumarores per tumor (two from the tumor center and two
sections and was deed as tumor cells within vascular from the invasive margin)2f,25. Regions with a
spaces. Lymphocytic ra@m patterns (tumor-iritrating  micropapillary growth pattern were not spemlly
lymphocytes, intratumoral periglandular reaction, peritumorahrgeted. HER2 immunohistochemistry amdlitu hybrid-
reaction, and Crohs-like lymphoid reaction) were evalu- ization were performed using a Roche (Indianapolis, IN,
ated according to the criteria suggested by Ogfiad{23] USA) Ventana Benchmark Ultra. For HER2 immunohis-
and categorized into absent, low, intermediate, and higkochemistry, 4B5 antibody (Roche 790-4493, prediluted)
All histopathological paramets were collected blinded to was used with Ventana CC1 (Roche 950-224, 8 min,
the survival outcome. 95 C) and Ventana UltraView Universal DAB
Detection Kit (Roche 760-500). FHHER2 in situ

. . hybridization, Ventana HER2 Dual ISH DNA Probe
Immunohistochemistry Cocktail (Roche 800-6043, denaturation time 8 min at
Tissue microarrays were used in immunohistochemistr80 C, hybridization time 60 min at 44C) was used
They were designed to include four 1-mm-diametewith Ventana CC2 (950-123, 8 min, 8€), Ventana
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