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ABSTRACT
Purpose The association of human leucocyte antigen 
(HLA) class I expression levels with the clinical course 
of many malignancies reflects their crucial role in the 
recognition and elimination of malignant cells by cognate 
T cells and NK cells. In colorectal cancer, results regarding 
this association are conflicting. The potential pathogenetic 
and therapeutic implications of this association prompted 
us to perform a large patient- level pooled analysis 
assessing the role of the expression level of HLA class I 
loci gene products in colon and rectal cancer.
Experimental design Included studies provided patient- 
level data on HLA class I expression levels determined by 
immunohistochemistry on surgical specimens. Expression 
levels of the HLA class I loci gene products (HLA- A, HLA- -
B/C) were correlated with common genetic events and 
survival.
Results Data from 5 studies including 2863 patients 
were used. In the 1620 colon cancer patients, lower 
HLA- A, HLA- B/C and total HLA class I expression levels 
were associated with microsatellite instability (p=0.044, 
p=0.008 and p=0.022, respectively), higher frequency 
of BRAF mutations (p<0.001, p=0.021 and p<0.001, 
respectively) and lower frequency of KRAS mutations 
(p=0.001, ns and p=0.002, respectively). In the 1243 
rectal cancer patients, HLA- A expression was higher in 
tumors treated with neoadjuvant radiation (p=0.024). 
High HLA- B/C, but not HLA- A, expression level was an 
independent predictor of favorable overall survival in colon 
(p=0.006) and rectal (p<0.001) cancer.
Conclusions T- cells and HLA- B/C antigens, rather than 
NK cells and HLA- A antigens, likely play an important 
role in controlling colon/rectal cancer growth. Colon/
rectal cancer patients may benefit from strategies 
that upregulate HLA- B/C and trigger or enhance T cell 
immunity.

INTRODUCTION
The impressive clinical responses to check-
point inhibitor- based immunotherapy in a 
subset of cancer patients has restored tumor 
immunologists’ confidence in the role of 
immunosurveillance in the pathogenesis 
and clinical course of cancer.1 2 The renewed 
appreciation of the immune system’s role 
in oncology has in turn stimulated interest 

in the characterization of the expression of 
molecules by cancer cells which mediate their 
interactions with a host’s immune system. 
Among them are human leucocyte antigen 
(HLA) class I molecules which mediate the 
recognition and elimination of malignant 
cells by cognate T cells, by presenting tumor 
antigen (TA)- derived peptides.3 HLA class I 
loss or downregulation results in impaired 
recognition and destruction of cancer cells 
by cognate T cells, thus providing them with 
an immuno- escape mechanism.4 The clinical 
relevance of these findings is indicated by the 
association of HLA class I expression levels on 
malignant cells with the clinical outcomes of 
many types of cancer.5

In colorectal cancer (CRC), at least 24 
single- institution studies have described defec-
tive HLA class I expression with conflicting 
results regarding the association of HLA 
class I expression levels with prognosis.6 In 
some studies, high HLA class I expression 
levels are associated with a favorable prog-
nosis, implying a role of TA- specific T cell 
immune responses in the clinical course of 
the disease.7 8 In other studies, complete HLA 
class I loss by cancer cells is associated with 
a favorable prognosis, implying cancer cell 
elimination by NK cells.9 This bimodal asso-
ciation of HLA class I expression levels with 
prognosis is not unique of CRC, since it has 
been described also in breast, cervical and 
penile cancers.10–13

Characterization of the role of HLA class 
I expression levels in the interaction of CRC 
cells with the host’s immune system may 
assist in prognostication and in selection of 
the most appropriate immunotherapeutic 
strategy. Therefore, taking advantage of 
patient- level data provided by 5 independent 
studies7–9 14 15 comprizing approximately 3000 
patients, we investigated the association of 
HLA- A and HLA- B,C expression levels—not 
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detected, low, high—with various clinicopathologic vari-
ables and survival outcomes. We investigated the effect of 
total HLA class I expression level and HLA class I loci gene 
products (HLA- A and HLA- B/C), as they are regulated 
by different mechanisms and display different functional 
properties.16 17 To further increase the discriminatory 
power of our study, we analyzed colon and rectal cancers 
as distinct entities, due to their unique tumor biologies 
and clinicopathologic features.18 Lastly, we determined 
the relationship between HLA class I expression levels 
and common genetic events, namely microsatellite insta-
bility (MSI), KRAS mutations and BRAF mutations,19 as 
well as neoadjuvant radiation therapy, in order to deter-
mine their potential role in HLA class I regulation.

METHODS
Study selection
PubMed and Google Scholar databases were searched for 
studies investigating the association of HLA class I expres-
sion level with survival in CRC patients. The following 
search terms were used: ((((((“hla”) OR “hla a”) OR 
“hla b”) OR “hla c”) OR “hla class i”)) AND ((“Colorectal 
Neoplasms”(MeSH)) OR (((((((“colon”) OR “colonic”) 
OR “rectum”) OR “rectal”) OR “colorectal”)) AND 
((((“cancer”) OR “tumor”) OR “malignancy”) OR 
“neoplasm”))). Studies were considered eligible if they 
provided information on both HLA class I expression 
level—including ‘lack’ of expression—in surgically 
resected colon/rectal cancer specimens and on patient 
postoperative survival. Studies which did not provide 
data on ‘lack’ of HLA class I expression were excluded. 
The literature was searched independently by two inves-
tigators (TM and LC). In case of discrepancy, the studies 
were re- evaluated by a third investigator (FK) until 
consensus was reached. For each eligible study, the corre-
sponding author was contacted and patient- level data on 
clinicopathological characteristics, HLA class I expres-
sion level, neoadjuvant radiation therapy, MSI, KRAS 
and BRAF mutations, as well as survival were requested. 
Obtained individual patient- level data from all studies 
were combined into a single dataset. Given the different 
methods used by each individual study to score overall 
HLA class I expression level, we combined HLA- A, HLA- -
B/C expression and immunoreactivity score (IRS) in 
order to categorize total HLA class I expression into 
‘loss’, ‘downregulation’ and ‘expression’ (online supple-
mental table 1).

Statistical analysis
Continuous variables are presented as median (IQR) 
and categorical as N (%). Comparison of categorical 
variables among groups was performed using Fisher’s 
exact test. Sensitivity analyses were carried out using the 
leave- one- out approach. Follow- up duration was calcu-
lated with the reverse Kaplan- Meier method. disease- free 
survival (DFS), overall survival (OS) and disease- specific 
survival (DSS) were defined as the interval between the 

date of operation and the date of recurrence, any death, 
or disease- specific death, respectively (event), or the date 
of last follow- up (censored). Survival curves were plotted 
using the Kaplan- Meier method. Differences in DFS, OS, 
and DSS among groups were analyzed by the log- rank 
test. Multivariable survival analyses were performed using 
a stepwise backward Cox proportional hazards survival 
model. The assumption of proportionality for variables 
included in the Cox analysis was verified by graphical 
assessment of Kaplan- Meier curves. A p<0.05 was consid-
ered statistically significant. All tests were two- tailed. 
Statistical analyses were performed with StataSE V.15 
(StataCorp) and GraphPad Prism, V.8.0 for Windows 
(GraphPad Software, La Jolla, California, USA).

RESULTS
Characteristics of included studies and patients
We identified 1013 studies in the literature providing 
information on both HLA class I expression levels—
including ‘lack’ of expression—and survival in surgically 
resected patients with CRC The majority of these studies 
were excluded because they did not provide information 
on both CRC and HLA class I expression level (n=989), 
on survival (n=14), or on ‘lack’ of HLA class I expression 
(n=5). Ultimately, our analysis included five observational 
studies for which patient- level HLA class I expression and 
survival data were available (figure 1, online supplemental 
table 2). Three studies analyzed HLA- A expression levels 

Figure 1 Study selection algorithm. HLA, human leucocyte 
antigen.
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using the monoclonal antibody (mAb) HC- A2, while 
four studies analyzed HLA- B/C expression levels using 
the mAb HC- 10. One study evaluated HLA class I expres-
sion levels using the commercially available mouse IgG 
mAb (MBL, Nagoya, Japan). To quantitate expression 
levels, four studies measured the percentage of stained 
cancer cells, while one study analyzed total HLA class I 
expression levels using the IRS system. The latter takes 
into account the percentage of stained cancer cells and 
the staining intensity (percentage (range 0–4) × intensity 
(range 0–3)).20 Two studies provided microsatellite status 
data in colon cancer; one provided BRAF status informa-
tion in colon cancer; two studies in colon cancer and two 
in rectal cancer provided KRAS data. DFS, OS and DSS 
were provided to varying degrees.

Of the 2965 included patients, 2863 had complete data 
on tumor location (colon/rectum), HLA class I expres-
sion level, and survival. Tumors were located in the colon 
and rectum in 1620 (57%) and in 1243 (43%) patients, 
respectively. Patient characteristics by tumor location are 
summarized in online supplemental table 3.

HLA class I expression level
In colon cancer, HLA- A, HLA- B/C and total HLA class 
I expression was not detected in 184 (16%), 87 (6%) 
and 338 (21%) tumors, respectively. In rectal cancer, 
HLA- A, HLA- B/C and total HLA class I expression was 
not detected in 80 (8%), 39 (3%) and 120 (10%) tumors, 
respectively (table 1).

HLA- A and HLA- B/C expression levels were positively 
correlated with each other in both colon (p<0.001) and 
rectal (p<0.001) cancer. HLA- B/C expression levels were 
significantly higher than that of HLA- A in both colon 
(p<0.001, figure 2A) and rectal (p<0.001, figure 2B) 

Table 1 HLA class I expression level in colon or rectal malignant tumors surgically resected from 2863 patients, by tumor 
location

Location

Colon (N=1620) Rectum (N=1243) Total (N=2863)

N % N % N %

HLA- A

  Not detected 184 15.9 80 7.9 264 12.2

  Low 380 32.8 312 31.0 691 31.9

  High 594 51.3 616 61.1 1210 55.9

HLA- B/C

  Not detected 87 6.2 39 3.3 126 4.9

  Low 299 21.4 222 18.7 521 20.2

  High 1011 72.4 926 78.0 1937 75.0

Total HLA class I

  Not detected 338 20.9 120 9.7 458 16.0

  Low 556 34.3 420 33.8 976 34.1

  High 726 44.8 703 56.6 1429 49.9

HLA, human leucocyte antigen.

Figure 2 HLA class I expression by qualitative level in 
colon and rectal malignant tumors. Stacked bar graphs 
demonstrate higher expression level of HLA- A vs HLA- B/C in 
colon (A) and rectal (B) malignant tumors, as well as higher 
HLA- A (C), HLA- B/C (D) and total HLA class I (E) expression 
level in rectal versus colon malignant tumors. P values were 
derived from Fisher’s exact test. Qualitative levels included 
‘not detected’, ‘low’ and ‘high’ HLA class I, HLA- A and HLA- -
B/C expression. HAL, human leucocyte antigen.
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cancers. HLA- A, HLA- B/C and total HLA class I expres-
sion levels were higher in rectal than in colon cancer 
(p<0.001 for all comparisons, figure 2C–E).

Association of HLA class I expression levels with 
clinicopathologic characteristics, mutations and neoadjuvant 
radiation
In colon cancer, higher HLA- A (p<0.001, online supple-
mental figure 1A) and total HLA class I (p<0.001, online 
supplemental figure 1B) expression levels were asso-
ciated with lower histologic grade, while higher HLA- -
B/C expression levels were associated with lower stage 
(p=0.019, online supplemental figure 1C). No associa-
tions were observed in rectal cancer.

Lower HLA- A (p=0.044, figure 3A), HLA- B/C 
(p=0.008, figure 3B), and total HLA class I (p=0.022, 
figure 3C) expression levels were associated with MSI 
in colon cancer. Moreover, lower HLA- A (p<0.001, 
figure 3D), HLA- B/C (p=0.021, figure 3E) and total HLA 
class I (p<0.001, figure 3F) expression levels were associ-
ated with BRAF mutations in colon cancer. In contrast, 
higher HLA- A (p=0.001, figure 3G) and total HLA class 
I (p=0.002, figure 3H) expression levels were associated 
with presence of KRAS mutations in colon cancer.

In rectal cancer, HLA- A expression was higher in 
patients who had received neoadjuvant radiation therapy 
(p=0.024).

All of the above correlations remained significant when 
the study by Kasajima et al was excluded from the anal-
ysis because of the use of a different antibody and of a 
different scoring method (data not shown).

Survival
Median follow- up was 53 months (IQR 19–84) for colon 
cancer and 65 months (IQR 32–85) for rectal cancer 
patients. Median DFS, OS, and DSS were 78 months (IQR 
19- not reached (NR)), 80 months (IQR 23–NR) and NR 
(IQR 26–NR) for colon cancer, and 113 months (IQR 30–
NR), 92 months (IQR 34–NR) and NR (IQR 43–NR) for 
rectal cancer, respectively.

In colon cancer, higher HLA- B/C expression levels 
were associated with longer DFS (high: median DFS 
86 months (IQR 22–NR) vs low: median DFS 64 months 
(IQR 14–NR) vs not detected: median DFS 39 months 
(IQR 13- NR); p=0.014, figure 4B) and OS (high: median 
OS 90 m (IQR 27–NR) vs low: median OS 64 months (IQR 
14–NR) vs not detected: median OS 43 months (IQR 
14–118); p<0.001, figure 4E). In contrast, HLA- A and total 
HLA- class I expression levels were associated neither with 
DFS (p=0.764, figure 4A, and p=0.279, figure 4C, respec-
tively) nor with OS (p=0.763, figure 4D, and p=0.442, 
figure 4F, respectively). Neither HLA- A (p=0.804), HLA- -
B/C (p=0.235), nor total HLA class I (p=0.338) expres-
sion levels were associated with DSS.

In rectal cancer, higher HLA- B/C expression levels were 
associated with longer OS (high: median OS 95 months 
(IQR 36- NR) vs negative: median OS 37 months (IQR 
8–59); p<0.001, figure 5B) and DSS (high: median DSS 

NR (IQR 46–NR) vs low: median DSS 48 months, IQR 
17–NR; p<0.001, figure 5E). HLA- A and total HLA class 
I expression levels were associated neither with OS 
(p=0.763, p=0.969, respectively, figure 5A,C) nor with 
DSS (p=0.845, p=0.517, respectively, figure 5D,F). DFS 
data were not available for rectal cancer. The above 
results remained unchanged when the study by Kasajima 
et al was excluded from the analysis because of the use 
of a different antibody and a different scoring method 
(data not shown). Presence of KRAS mutations was also 
associated with shorter OS (KRASwt: median OS NR 

Figure 3 Association of HLA class I expression level with 
microsatellite stability (MSS) status, BRAF mutations and 
KRAS mutations in colon malignant tumors. Stacked bar 
graphs demonstrate the association of lower HLA- A (A, 
D), HLA- B/C (B, E), and total HLA class I (C, F) expression 
levels with microsatellite instability (MSI) and BRAF 
mutations, and the association of higher HLA- A (G) and total 
HLA class I (H) expression levels with KRAS mutations in 
colon malignant tumors. P values were derived from Fisher’s 
exact test. HLA, human leucocyte antigen;wt, wild type; mut, 
mutated.
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(IQR 68–NR) vs KRASmut: median OS 56 months (IQR 
25–NR); p=0.015).

On multivariable analyses for colon cancer patients, 
lower HLA- B/C expression levels were an indepen-
dent predictor of shorter DFS (HR=0.8, p=0.006) and 
OS (HR=0.8, p<0.001) after adjusting for clinicopatho-
logic parameters (table 2). In contrast, HLA- A and total 
HLA class I expression levels were associated neither 
with DFS (p=0.940 and p=0.492, respectively) nor with 
OS (p=0.554 and p=0.747, respectively). Neither HLA- A 

(p=0.802), HLA- B/C (p=0.627), nor total HLA class I 
(p=0.748) expression levels were associated with DSS.

In rectal tumors, lower HLA- B/C expression levels 
emerged as an independent predictor of shorter OS 
(HR=0.8, p<0.001) after adjusting for clinicopatholog-
ical factors (table 2). No changes were observed in multi-
variable analysis results when the study by Kasajima et al 
was excluded from the analysis because of the use of a 
different antibody and a different scoring method (data 
not shown).

Figure 4 Association of HLA class I expression level in colon malignant tumors with survival. Kaplan- Meier curves 
demonstrate the association of HLA- A (A, D), HLA- B/C (B, E) and total HLA class I (C, F) expression levels in colon malignant 
tumors with overall (A, B, C) and disease- free survival (D, E, F). P values were derived from log- rank tests. HLA, human 
leucocyte antigen; DFS, disease- free survival; OS, overall survival.
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DISCUSSION
To assess in a conclusive way the role of HLA class I expres-
sion levels in the pathogenesis and clinical course of colon 
and rectal cancer, we performed a large multi- institutional 
patient- level pooled analysis including published and 
novel data from five studies. This analysis which has used 
data derived from the characterization of approximately 
3000 patients with colon or rectal cancer has generated 
the following conclusions: first, the expression levels of 
the gene products of HLA class I loci are differentially 
associated with survival in patients with colon or rectal 

cancer. Second, lack of HLA class I expression by malig-
nant cells is not associated with a survival benefit. Lastly, 
HLA class I expression levels are associated with several 
common genetic events in colon cancer, while in rectal 
cancer HLA class I expression levels are higher on cancer 
cells in patients who have received neoadjuvant radiation 
therapy.

The information in the literature regarding the associ-
ation between lack of HLA class I expression and survival 
in colon and other cancers is conflicting. This association 
has been interpreted to reflect the major role played by 

Figure 5 Association of HLA class I expression level in rectal malignant tumors with survival. Kaplan- Meier curves 
demonstrate the association of HLA- A (A, D), HLA- B/C (B, E) and total HLA class I (C, F) expression levels in rectal malignant 
tumors with overall (A, B, C) and disease- specific survival (D, E, F). P values were derived from log- rank tests. HLA, human 
leucocyte antigen; DFS, disease- free survival; OS, overall survival.
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NK cells in the clinical course of the disease, since the 
lack of interactions between HLA class I alleles expressed 
on malignant cells and killer- cell immunoglobulin- like 
receptors expressed on NK cells, would not inhibit their 
ability to eliminate malignant cells.21 Our analysis of 2863 
patients demonstrated that lack of HLA- B/C expression 
was associated with the shortest survival. This association 
argues against NK cells playing a major role in controlling 
the growth of malignant cells in colon cancer9–13 but 
rather implies that T cells play a major role in the clin-
ical course of colon cancer. If the described association 
is not a fortuitous event and our interpretation is correct, 
colon cancer patients might benefit from strategies which 
enhance the T cell immune response to malignant cells.

We also demonstrated a differential association of HLA 
class I gene products with survival: high HLA- B/C was 
found to be an independent predictor of favorable prog-
nosis for both colon and rectal cancer, while HLA- A or total 
HLA class I expression levels were not associated with the 

clinical course of these diseases. If this association reflects 
a causal relationship, this finding supports the possibility 
that HLA- B/C antigens, but not HLA- A antigens, present 
relevant neoantigens to T cells and mediate an antitumor 
immune response. This notion is also supported by the 
fact that HLA- B molecules possibly present a more diverse 
peptide repertoire compared with HLA- A.17 Thus, HLA- A 
loss or downregulation is not expected to negatively impact 
prognosis in colon/rectal cancer. On the other hand, 
HLA- B/C will need to be evaluated for prognostication 
purposes. If our interpretation is correct, the differential 
role of the gene products of HLA class I loci in the clinical 
course of colon cancer emphasizes the need to assess the 
expression level of HLA class I loci gene products sepa-
rately using distinct antibodies with the appropriate spec-
ificity. This approach is also supported by the finding that 
antibodies recognizing total HLA class I expression do not 
detect selective changes in the expression of HLA class I 
loci products or alleles.22 23

Table 2 Variables associated with survival on univariable and multivariable analyses in 1620 patients with colon and 1243 
patients with rectal cancer, by tumor location

Univariable analyses

Colon Rectum

Factor

P value

Factor

P value

DFS OS DSS OS DSS

Age <0.001 <0.001 0.03 Male 0.001

T stage <0.001 0.001 Age <0.001 <0.001

N stage <0.001 <0.001 T stage <0.001 <0.001

M stage <0.001 <0.001 N stage <0.001 <0.001

TNM stage <0.001 <0.001 <0.001 M stage <0.001 <0.001

Histologic grade <0.001 <0.001 TNM stage <0.001 <0.001

VI <0.001 <0.001 Histologic grade <0.001 <0.001

LVI <0.001 VI <0.001 <0.001

HLA- B/C 0.01 <0.001 LVI 0.02

  KRAS 0.02

  CEA <0.001 <0.001

  HLA- B/C <0.001 <0.001

Multivariable analyses

Colon Rectum

Factor
  

P value Factor
  

P value

DFS OS DSS OS DSS

Study 0.001 0.001 0.03 Study <0.001 <0.001

Age <0.001 <0.001 Age <0.001 <0.001

TNM stage <0.001 <0.001 <0.001 TNM stage <0.001 <0.001

Histologic grade <0.001 <0.001 Histologic grade <0.001 <0.001

HLA- B/C 0.006 <0.001 HLA- B/C <0.001

DFS is not shown for rectal tumors since only one study provided such data. P values derived from log- rank test and Cox regression models 
for univariable and multivariable analyses, respectively.
CEA, carcinoembryonic antigen; DFS, disease- free survival; DSS, disease- specific survival; HLA, human leucocyte antigen; LVI, 
lymphovascular invasion; OS, overall survival; TNM, tumor, node, metastasis; VI, vascular invasion.
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Additionally, we found that BRAF mutations are asso-
ciated with lower HLA- A, HLA- B/C, and HLA class I 
expression levels on malignant colon cancer cells. This 
association may be mediated by the inhibition of HLA 
class I expression on colon cancer cells by the MAPK 
pathway.24 The underlying mechanism is represented by 
the lack of activation of STAT1 and STAT3, which regu-
late the transcription of HLA class I antigen processing 
machinery (APM) components.25 26 An alternative, but 
not exclusive mechanism, is represented by the rapid 
internalization and intracellular sequestration of HLA 
class I on tumor cells induced by BRAF.27 In contrast 
KRAS mutations, which act upstream of BRAF in the 
MAPK signaling cascade, were associated with higher 
HLA- A and total HLA class I expression levels. This 
association may reflect the involvement of KRAS in the 
activation of NF-κB signaling in CRC cells.28 29 The latter 
enhances HLA- A transcription to a greater extent than 
HLA- B and HLA- C transcription; this differential effect 
provides a potential mechanism for the selective associa-
tion of KRAS mutations with higher HLA- A, but not HLA- -
B/C expression level.30 Lastly, MSI was associated with 
lower HLA- A, HLA- B/C, and total HLA class I expression 
levels. This association may reflect a greater frequency of 
HLA class I heavy chains, β2- microglobulin, transporter 
associated with antigen processing, and NLRC5 muta-
tions in colorectal tumors displaying MSI.31

Interestingly, we found higher HLA- A expression levels 
on rectal tumors that had been subjected to neoadjuvant 
radiation therapy. Although HLA class I upregulation by 
radiation has been rarely reported in the clinical setting, 
several in vitro and mouse studies have demonstrated 
HLA class I upregulation following irradiation.32 33 This 
effect may be mediated by induction of a type I inter-
feron (IFN) response and enhanced IFN-γ secretion by 
lymphocytes.32 34 In the setting of irradiation, cGAS/
STING and RIG- I/MAVS activation33 35 may contribute to 
a type I IFN transcription via activation of IRF3, IRF7, and 
NF-κB. Moreover, ATM kinase and non- canonical STING 
activation36 37 may activate STAT1 and NF-κB, respectively, 
driving IFN- independent HLA class I APM component 
transcription.

Our analysis is limited by the lack of standardization of 
the methods used and the heterogeneity of patient popu-
lations enrolled in the included studies. However, four of 
the five included studies used the same mAb for the IHC 
analysis of HLA- A and HLA- B/C expression by malig-
nant cells. Furthermore, we controlled for the individual 
studies in multivariable analyses, and we performed sensi-
tivity analyses excluding the study which differed the 
most from the remaining ones in terms of the antibody 
and scoring method used. Our analysis is also lacking 
evaluation of the staining intensity as it is limited to the 
percentage of stained tumor cells, given that only one 
study had taken staining intensity into account as part of 
the scoring system. Information on the cellular compart-
ment (membrane/cytoplasm) that exhibited HLA class 
I expression is also lacking. Lastly, HLA- B and HLA- C 

were not analyzed separately; this limitation may have 
masked any potential differential association between 
HLA- B/HLA- C and clinicopathologic characteristics of 
the analyzed malignancies.

In conclusion, our findings suggest that in colon and 
rectal cancer, HLA- B/C rather than HLA- A antigens 
present relevant peptides to cognate T cells. They also 
imply that the role of T cells is more important than that 
of NK cells in the anti- tumor immune response. Lastly, 
specifically in rectal cancer, radiation therapy may upreg-
ulate HLA class I expression. Taken together, patients 
with colon and rectal cancer may benefit from strategies 
that upregulate HLA- B/C and increase the efficacy of T 
cell immunity, and potentially from the combination of 
immunotherapeutic strategies with radiation therapy.
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Supplementary Table 1: HLA class I expression combinations 

HLA-A HLA-B/C 
Resulting total HLA class I 

combination 

negative negative loss 

negative 1-50% loss 

negative >50% loss 

1-50% negative loss 

1-50% 1-50% downregulation 

1-50% >50% downregulation 

>50% negative loss 

>50% 1-50% downregulation 

>50% >50% expression 

   

Immunoreactivity score 
Resulting total HLA class I 

combination 

0-3 loss 

4-6 downregulation 

7-12 expression 
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Supplementary Table 2: Characteristics of included studies 

Study Country Period N 
Female 

(%) 

Age 

(y) 
Location Antibodies 

Scoring 

method 
Outcomes 

Watson, 

2006 
UK 

1994-

2000 
462 42 

57-

93 

colon, 

rectum 
HC10 

0%, 1-50%, 

>50% 

stained cells 

DSS, OS 

Speetjens, 

2008 
Netherlands 

1996-

1999 
1008 35 

26-

92 
rectum HCA2, HC10 

% stained 

cells 
DFS, OS 

Kasajima, 

2010 
Germany 

1995-

2007 
290 47 

17-

90 

colon, 

rectum 

Mouse 

antihuman 

MHC class I 

mAb (MBL) 

IRS (0-12) OS 

Reimers, 

2014 
Netherlands 

2002-

2008 
920 48 

26-

96 
colon HCA2, HC10 

0%, 1-50%, 

>50% 

stained cells 

DFS, DSS, 

OS 

Zeestraten, 

2014 
Netherlands 

1991-

2001 
283 52 

22-

93 
colon HCA2, HC10 

% stained 

cells 

DFS, DSS, 

OS 

DFS: disease-free survival, DSS: disease-specific survival, IRS: immunoreactivity score, mAb: monoclonal antibody, 

OS: overall survival 
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Supplementary Table 3: Clinicopathologic characteristics of 2,863 patients who underwent resection of a 

colon or rectal tumor, by tumor location 

  

Location  

Colon (N=1,620)   
Rectum 

(N=1,243) 
  Total (N=2,863) 

N %   N %   N % 

Study Watson 233 14.4%   179 14.4%   412 14.4% 

Kasajima 223 13.8%   56 4.5%   279 9.7% 

Speetjens 0 0.0%   1008 81.1%   1008 35.2% 

Reimers 920 56.8%   0 0.0%   920 32.1% 

Zeestraten 244 15.1%   0 0.0%   244 8.5% 

Age, y (median, IQR) 70 62-76   66 58-74   68 60-75 

Gender Male 826 51.0%   806 64.8%   1632 57.0% 

Female 794 49.0%   437 35.2%   1231 43.0% 

T stage Tis 2 0.4%   3 1.3%   5 0.7% 

T1 13 2.9%   16 7.0%   29 4.2% 

T2 53 11.6%   45 19.6%   98 14.3% 

T3 288 63.3%   141 61.3%   429 62.6% 

T4 99 21.8%   25 10.9%   124 18.1% 

N stage N0 247 54.5%   120 53.6%   367 54.2% 

N1 114 25.2%   55 24.6%   169 25.0% 

N2 92 20.3%   49 21.9%   141 20.8% 

M stage M0 403 88.4%   213 91.4%   616 89.4% 

M1 53 11.6%   20 8.6%   73 10.6% 

Stage 0 1 0.1%   1 0.1%   2 0.1% 

I 224 13.9%   365 29.4%   589 20.6% 

II 642 39.8%   352 28.4%   994 34.8% 

III 496 30.7%   441 35.5%   937 32.8% 

IV 252 15.6%   82 6.6%   334 11.7% 

Histologic grade Well 

differentiated 
162 10.8%   59 4.8%   221 8.1% 

Moderately 

differentiated 
1024 68.1%   844 68.2%   1868 68.2% 

Poorly 

differentiated 
317 21.1%   327 26.4%   644 23.5% 

Undifferentiated 0 0.0%   8 0.6%   8 0.3% 

Vascular 

invasion 
No 306 72.2%   133 68.9%   439 71.2% 

Yes 118 27.8%   60 31.1%   178 28.8% 
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Lymphovascular 

invasion 
No 110 47.0%   26 46.4%   136 46.9% 

Yes 124 53.0%   30 53.6%   154 53.1% 

KRAS mutation No 519 66.3%   62 66.0%   581 66.2% 

Yes 264 33.7%   32 34.0%   296 33.8% 

BRAF mutation No 501 84.2%   - -   501 84.2% 

Yes 94 15.8%   - -   94 15.8% 

MS status MSS 980 90.0%   - -   980 90.0% 

MSI 109 10.0%   - -   109 10.0% 

IQR: inter-quartile range; MS: microsatellite; MSS: microsatellite stable; MSI: microsatellite instable.  
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Supplementary Figure 1. Association of HLA class I expression level in colon 

malignant tumors with pathologic characteristics. Stacked bar graphs demonstrate 

the association of higher HLA-A (A) and total HLA class I (B) expression levels in colon 

malignant tumors with lower histologic grade, and the association of higher HLA-B/C 

expression level in colon malignant tumors with lower stage (C). P values were derived 

from Fisher’s exact test. 
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