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Abstract

Objective—Evidence suggests protective effects of vitamin D and anti-tumour immunity on
colorectal cancer risk. Immune cells in tumour microenvironment can convert 25-hydroxyvitamin
D [25(OH)D] to bioactive 1a,25-dihydroxyvitamin D3, which influences neoplastic and immune
cells as an autocrine and paracrine factor. Thus, we hypothesised that the inverse association
between vitamin D and colorectal cancer risk might be stronger for cancers with high-level
immune response than those with low-level immune response.

Design—We designed a nested case-control study (318 rectal and colon carcinoma cases and 624
matched controls) within the Nurses’ Health Study and Health Professionals Follow-up Study,
using molecular pathological epidemiology database. Multivariable conditional logistic regression
was used to assess the association of plasma 25(OH)D with tumour subtypes according to the
degree of lymphocytic reaction, tumour-infiltrating T-cells (CD3*, CD8*, CD45RO* and FOXP3*
cells), microsatellite instability, or CpG island methylator phenotype.

Results—The association of plasma 25(OH)D with colorectal carcinoma differed by the degree
of intratumoural periglandular reaction (Pheterogeneity=0-001); high 25(OH)D was associated with
lower risk of tumour with high-level reaction [comparing the highest vs. lowest tertile: odds ratio,
0.10; 95% confidence interval, 0.03 to 0.35; Pyeng<0.001], but not risk of tumour with lower-level
reaction (Pyeng™>0.50). A statistically non-significant difference was observed for the associations
of 25(0OH)D with tumour subtypes according to CD3* T-cell density (Pheterogeneity=0-03; adjusted
statistical significance level of a=0.006).

Conclusion—High plasma 25(0OH)D level is associated with lower risk of colorectal cancer with
intense immune reaction, supporting a role of vitamin D in cancer immunoprevention through
tumour-host interaction.

Keywords

25-hydroxyvitamin D; anticancer immunity; colorectal cancer; epidemiology; exposure;
immunology; immunotherapy; nutrition

INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer and the fourth cause of cancer
death worldwide. Studies have shown that high level of circulating vitamin D is associated
with lower CRC risk,[1] supporting a preventive effect of vitamin D against CRC.[2]
Obtained from food, supplements or photochemical synthesis in the skin, vitamin D is
hydroxylated in the liver to the major circulating form, 25-hydroxyvitamin D [25(OH)D],
and further hydroxylated to the biologically active form of vitamin D, 1a,25-
dihydroxyvitamin D3 [1,25(OH),D3] by some specific cells in the body including immune
cells.[3-5]
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Accumulating evidence indicates an important role of vitamin D in regulation of immune
function.[6, 7] Likewise, the multifaceted roles of host immunity and inflammation in
regulating tumour evolution have long been recognised.[8-12] Local immunity status in
tumour microenvironment may eliminate transformed cells or promote their tumourigenic
potential, thus determining the fate of emerging tumour.[13] However, despite compelling
evidence for the role of vitamin D in immunity and the role of immunity in tumour
development, no study has yet examined whether the inverse association between vitamin D
and CRC risk differs according to CRC subtypes classified by immunity status in the tumour
microenvironment. When assessing cancer immunity, it is important to examine immune
cells in the tumour microenvironment, which exhibit a substantial phenotypic difference
from the same immune cell type in peripheral blood.[14] We speculated that immune cells in
the tumour microenvironment might augment the anti-tumour effect of vitamin D, by means
of their ability to enzymatically convert 25(OH)D to 1,25(0OH),Ds3. Therefore, we
hypothesised that the lower CRC risk associated with high-level plasma vitamin D might be
stronger for CRC subtype characterised by high-level immune cell infiltrates than for other
CRC subtype with low-level immune cell infiltrates.

To test this hypothesis, we investigated the association of plasma 25(OH)D levels with risk
of CRC subtypes according to the pattern and intensity of lymphocytic reaction to CRC, in a
nested case-control study within two large prospective cohort studies, the Nurses’ Health
Study and the Health Professionals Follow-up Study. We additionally examined densities of
tumourinfiltrating T-cell subsets. Higher levels of lymphocytic reaction to CRC and tumour-
infiltrating T-cells have been strongly associated with survival of CRC patients independent
of tumour molecular features in these two cohorts.[15, 16] The two cohort studies offered us
a unique opportunity to integrate data on prediagnostic plasma vitamin D level and immune
cell evaluation in CRC tissue specimens in the longitudinal follow-up scheme. This
integrative approach has enabled us to provide novel population-based evidence for possible
interactive roles of vitamin D and host immunity in CRC prevention.

METHODS

Study population

The Nurses' Health Study (NHS) enrolled 121,701 registered female nurses in the U.S. who
were aged 30-55 years at baseline in 1976, and the Health Professionals Follow-up Study
(HPFS) included 51,529 U.S. male professionals who were aged 40-75 years at baseline in
1986.[17] In both cohorts, follow-up questionnaires were administered at baseline and
biennially thereafter to collect and update medical, lifestyle, and other health-related
information; validated food frequency questionnaires were completed every 4 years to
update dietary information. More details about the two cohorts can be found in the
Supplementary materials.

In both cohorts, when participants reported a diagnosis of colon or rectal carcinoma in
biennial questionnaires, we asked for permission to acquire their medical records and
pathologic reports. We identified deaths, including lethal unreported CRC cases, through the
National Death Index and next-of-kin. For CRC deaths, we requested permission from next-
of-kin to review medical records. A study physician, blinded to 25(OH)D information,
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reviewed records to confirm CRC diagnosis and extract relevant information on anatomic
location, stage, and histological type of the cancer.

Blood specimens were collected from 32,826 women in the NHS between 1989 and 1990;
and from 18,225 men in the HPFS between 1993 and 1995. The procedures for blood
collection, handling and storage were similar for the two cohorts, as previously described.
[18] Among participants who provided plasma samples, we documented 400 incident CRC
cases in the NHS during follow-up through June 1, 2010, and 299 CRC cases in the HPFS
through January 31, 2010. We collected paraffin-embedded archival tissue blocks from
hospitals where participants with CRC had undergone tumour resection. For the current
study, to minimize the influence of subclinical emerging tumour on plasma 25(OH)D level,
we excluded CRC cases that were diagnosed within 2 years after blood draw. We also
excluded cases if their plasma samples failed in 25(OH)D measurement or tumour
lymphocytic reaction could not be determined. For each case, we used risk set sampling to
randomly select up to 2 controls matched on sex (cohort), age (within 2 years) and year/
month of blood draw (within 1 month in the same year) from eligible participants who were
alive and free of cancer (except for non-melanoma skin cancer) at the time of diagnosis of
the CRC case. As a result, 172 CRC cases and 342 controls from the NHS, and 146 cases
and 282 controls from the HPFS were included in the analysis (Figure 1). The institutional
review board at the Brigham and Women's Hospital and the Harvard School of Public
Health approved this study. We obtained informed consent from all participants.

Plasma 25(OH)D assay

Plasma 25(OH)D was measured using a radioimmunosorbent assay at the laboratory of Dr.
Bruce Hollis (Medical University of South Carolina, Charleston, SC) and Heartland Assays
as described elsewhere.[18, 19] Samples from cases and their matched controls were
handled together and analysed in the same batch. Quality control samples were randomly
interspersed among the case-control samples. Personnel blinded to quality control and case-
control status conducted all assays. The mean intra-assay coefficient of variation from
quality control samples was <15% for all batches.

Plasma inflammatory marker assays

To account for the potential confounding effect by systemic inflammation on the plasma
25(OH)D-CRC association, we also measured three inflammatory markers in our study
samples: C-reactive protein (CRP), interleukin 6 (IL6), and tumour necrosis factor receptor
superfamily member 1B (TNFRSF1B, also known as soluble tumour necrosis factor
receptor 2, STNFR-2). We used a highly sensitive immunoturbidimetric assay (Denka
Seiken Co, Tokyo, Japan) to measure CRP levels, an ultra-sensitive enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN) to measure IL6, and an enzyme-
linked immunosorbent assay (R&D Systems, Minneapolis, MN) to measure TNFRSF1B
levels. More details regarding the measurements can be found in previous publications.[20,
21]
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Tumour immunity and molecular analyses

A pathologist (S.0.) evaluated tissue sections of CRC patients for the four components of
lymphocytic reaction, including intratumoural periglandular reaction, tumour-infiltrating
lymphocytes, Crohn's-like lymphoid reaction, and peritumoural lymphocytic reaction.[16]
Each component was evaluated as absent, mild, moderate, or marked, and an agreement
study was conducted as previously described.[16] In the current analyses, we combined
moderate and marked lymphocytic infiltrate categories (as “high”) because of low case
counts in these categories.

We also constructed tissue microarray,[22] to assess the density of tumour-infiltrating CD3*,
CD8*, CD45RO* (PTPRC), and FOXP3* T-cells. We used immunohistochemistry
techniques, an automated scanning microscope and Ariol image analysis system (Genetix,
San Jose, CA, USA), to calculate the average density (cells/mm?2) of each T-cell subset in
tissue microarray cores, as previously described.[15] We dichotomised cases based on the
density of each T-cell subset using the cutoff given in the footnote of Table 3.

Because lymphocytic reaction to CRC has been associated with microsatellite instability
(MSI) and CpG island methylator phenotype (CIMP) in CRC,[16] we also assessed MSI and
CIMP status using the DNA extracted from tissue specimens as previously described.
[23-25] More details are provided in the Supplementary materials.

Statistical analysis

Details of the statistical analysis are provided in the Supplementary materials. We used
SAS 9.3 for all analyses (SAS Institute Inc., Cary, NC, USA). All statistical tests were two
sided. Our primary hypothesis testing was the heterogeneity test between “the association of
plasma 25(0OH)D with lymphocyte-rich CRC subtype” and “that with lymphocyte-poor CRC
subtype”. To account for multiple testing for the eight primary hypotheses associated with
the eight immunity variables (degrees of intratumoural periglandular reaction, tumour-
infiltrating lymphocytes, Crohn's-like reaction, and peritumoural reaction; and densities of
CD3*, CD8*, CD45R0O", and FOXP3* T-cells), we corrected the statistical significance
level to o = 0.05/8 = 0.006 by the Bonferroni correction. All other assessments including
evaluation of individual odds ratio (OR) estimates represented our secondary analyses. We
recognised the use of multiple comparisons, and interpreted our data cautiously.

Plasma 25(OH)D levels were categorised into tertiles within each batch of measurement on
the basis of the distribution among controls. We used multivariable conditional logistic
regression to estimate ORs for CRC subtypes in relation to tertiles of plasma 25(0OH)D. Test
for trend was performed using the median value for each tertile as a continuous variable in
the regression models. To examine the heterogeneity in the associations with various CRC
subtypes, we used likelihood ratio test with one degree of freedom by comparing the model
in which the association with plasma 25(OH)D was allowed to vary by tumour subtypes
(ordinal or binary) to a model in which a common association was assumed across tumour
subtypes.[22, 26]

We tested whether plasma 25(OH)D-CRC association varied by cohort using the Q statistic
before pooling.[27] The association was similar in the two cohorts (comparing extreme
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tertiles: multivariable OR, 0.71; 95% ClI, 0.50 to 1.01; Pgeng = 0.05 in the NHS; OR, 0.79;
95% ClI, 0.52 to 1.21; Pyeng = 0.29 in the HPFS), and no statistically significant difference
was detected (Pheterogeneity = 0.66 for Cochran's Q test). Therefore, for our main analyses,

we pooled data from both cohorts.

Baseline characteristics of study participants

Table 1 shows basic characteristics of our study population. Compared to controls, CRC
cases tended to be obese and smoke before age 30 in men (P = 0.02). In contrast, compared
to cases, controls tended to take aspirin regularly and consume less alcohol, more folate and
calcium in women (P < 0.05). The median of plasma 25(OH)D concentrations was higher
among controls (27.8 ng/mL in women, 29.2 ng/mL in men) than cases (26.1 ng/mL in
women, 27.8 ng/mL in men) (P = 0.02 in women, P = 0.10 in men).

By comparing the baseline characteristics of cases with and without tumour immunity data,
we did not find any substantial difference between the two groups except for lower alcohol
consumption and higher proportion of stage Il and Il tumours among cases that had
lymphocytic reaction data than those without lymphocyte data in women (Supplementary
table sl).

We observed that plasma 25(OH)D level was not significantly associated with lower risk of
overall CRC in our nested case-control set (Pyeng = 0.09; Table 2). Such association did not
appreciably differ by the availability of tumour immunity data (Pheterogeneity > 0-60), when
the CRC cases in the current study were compared to the CRC patients who were excluded
due to the unavailable tumour immunity data (Supplementary table s2).

Plasma 25(0OH)D level and CRC subtypes classified by degrees of lymphocytic reactions
and densities of T-cell subsets

We examined degrees of lymphocytic reaction in tissue sections of CRC. Table 2 shows the
association of plasma 25(OH)D level with risk of CRC subtypes classified by the degrees of
lymphocytic reactions. Our primary hypothesis testing was on heterogeneity between “the
association of plasma 25(OH)D with risk of lymphocyte-rich CRC” and “that with risk of
lymphocyte-poor CRC” in the combined cohort, and the statistical significance level was
adjusted to a = 0.006 to account for multiple testing. Notably, the association of plasma
25(0OH)D with risk of CRC subtypes differed by the degree of intratumoural periglandular
reaction (Pheterogeneity = 0-001).

High plasma 25(0OH)D level was statistically significantly associated with lower risk of
CRC subtype possessing high-level intratumoural periglandular reaction (comparing the
highest vs. the lowest tertiles: multivariable OR, 0.10; 95% CI, 0.03 to 0.35; Pyeng < 0.001
across tertiles of 25(OH)D level), but not with CRC subtypes possessing absent or mild
reaction (Pgeng = 0.93 for the mild-reaction subtype; and Pyeng = 0.55 for the absent-
reaction subtype). A similar but attenuated difference was observed between risks of CRC
subtypes classified by tumourinfiltrating lymphocytes, Crohn's-like reaction, or peritumoural
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reaction; and the heterogeneity test did not reach statistical significance (Pheterogeneity >
0.07).

We additionally subclassified CRC according to densities of each of the four T-cell subsets
(CD3*, CD8*, CD45RO", and FOXP3* cells) within CRC tissues (Table 3). Similar to the
results on intratumoural periglandular reaction, the association between plasma 25(OH)D
level and CRC risk differed by CD3" T-cell density (Pheterogeneity = 0.03), although this
difference was not significant at the stringent statistical significance level (a = 0.006). High
level of plasma 25(OH)D was associated with lower risk of colorectal tumours that were
infiltrated by high density of CD3* cells (P = 0.006), but not with tumours having low
density of CD3%eng cells (Pyeng = 0.77). The association of plasma 25(OH)D with risk of
CRC did not significantly differ by the density of CD8*, CD45RO™*, or FOXP3™* cells

(Pheterogeneity > 0.10).

Plasma 25(OH)D level and CRC subtypes classified by MSI or CIMP status

Because lymphocytic reaction to CRC has been associated with MSI and CIMP in CRC,[16]
we also classified tumours by MSI and CIMP status as our secondary analyses. The
association of plasma 25(OH)D with CRC subtypes did not significantly differ by MSI
(Pheterogeneity = 0.02) or CIMP status (Pheterogeneity = 0-76; Supplementary table s3) at the
stringent statistical significance level (a = 0.006).

Sensitivity analysis

To further control for potential confounding by lifestyle factors, instead of adjusting for the
Dietary Approaches to Stop Hypertension (DASH) score, we adjusted for individual dietary
factors that have been related to CRC risk, including multivitamins, calcium, red meat and
processed meat, and total fiber, in our multivariable model. The results remained very
similar, and the P value for heterogeneity was 0.002 for the associations between plasma
25(0OH)D and risk of CRC subtypes classified by intratumoural periglandular reaction
(Supplementary table s4). Given the potential influence of systemic inflammation on
plasma 25(0OH)D status and CRC development,[28, 29] we also adjusted for quartiles of
each of the three inflammatory markers (i.e., CRP, IL6 and TNFRSF1B) in the multivariable
model. As shown in Supplementary table s5, the results did not essentially change, and the
plasma 25(0OH)D-CRC associations remained statistically significantly different according
to the degree of intratumoural periglandular reaction (Pheterogeneity < 0-001).

DISCUSSION

We conducted this study to test the hypothesis that the inverse association of plasma vitamin
D level with risk of CRC might be stronger for CRC subtype with high-level lymphocytic
reaction than for CRC subtype with low-level reaction. We found that the relationship
between plasma 25(OH)D and risk of CRC differed by intratumoural periglandular reaction
to CRC; high 25(OH)D was associated with lower risk of tumours possessing high-level
lymphocytic reaction, but not with tumours having low-level or no lymphocytic reaction.
Although statistical significance was not reached at the stringent level (o = 0.006), we also
observed that the inverse association of plasma 25(OH)D with CRC risk appeared to be
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stronger for tumours infiltrated with high density of CD3* T-cells, than for tumours with
lower density of CD3* T-cells. Our data provide evidence for a possible role of tumour
stromal immune cells in generating bioactive 1,25(0OH),D3 to augment the influence of
vitamin D on neoplastic and nonneoplastic cells in an autocrine and paracrine fashion.

As cancer immunotherapy has become an attractive strategy, integrated analyses of tumour
molecular features and host factors including dietary and environmental exposures and
immune response to tumour are increasingly important.[30-33] The degree of lymphocytic
infiltrate in CRC tissue has been associated with MSI status and better patient survival.
[34-38] However, there is a paucity of data on epidemiologic exposures (such as plasma
25(0OH)D level) combined with tumour molecular features and immune response in the
tumour microenvironment in population-based studies. Our current study aimed to address
this challenge.

Although numerous epidemiologic studies have shown a lower CRC risk associated with
high vitamin D level, it is still of considerable debate about whether this represents a causal
relationship or arises from confounding. In a large randomised trial, daily supplementation
with 400 1U of vitamin D combined with 1000 mg of elemental calcium for 7 years had no
detectable benefit for CRC occurrence.[39] However, methodological limitations of this
trial, including inadequate vitamin D dose, duration and compliance, might have contributed
to the null findings. In this context, investigation of the influence of vitamin D on CRC
subtypes characterised by immunity-related pathologic features may not only provide
important insight into the causality of the vitamin D-CRC relationship but also reveal a
complex interaction between exposures, host factors and tumour cells.[40] Our findings
provide the first line of population-based evidence for the role of host immunity in vitamin
D-mediated CRC prevention, therefore generating some mechanistic hypotheses for further
investigation.

One possible mechanism through which immune response may modulate the effect of
vitamin D on carcinogenesis is that immune cells can convert 25(OH)D to bioactive
1,25(0OH),D3, and thereby enhancing the effect of vitamin D on behaviors of both neoplastic
and non-neoplastic cells. Macrophages, dendritic cells, T cells and B cells have all been
shown to express enzymes critical for vitamin D metabolism and have an immune autocrine/
paracrine activity.[3-5] Locally synthesised 1,25(0OH),D3 can then bind to the vitamin D
receptor (VDR) and regulate transcription of genes that control cell proliferation, apoptosis
and differentiation.[2] In contrast, colorectal neoplasia with low lymphocytic infiltrates may
not have sufficient bioactive vitamin D in the tumour microenvironment to mediate the
influence of plasma 25(OH)D level on neoplasia evolution.

As an alternative mechanism, modulation of immune function by vitamin D may help
maintain immune homeostasis of the intestine, thus favoring tumour-suppressive effects
over tumour-promoting effect of lymphocytic infiltrates.[7] It is plausible that the tumour-
suppressive effect of vitamin D may be more pronounced in emerging tumours with
abundant immune cells than in those with fewer immune cells. The role of inflammation
caused by gut microbiota or other stimuli in colorectal carcinogenesis has been increasingly
recognised.[41, 42] Vitamin D exerts an inhibitory action on the adaptive immune system
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through suppressing proinflammatory Tyl cell activity,[43] and enhancing anti-
inflammatory T2 cell activity.[44] There is evidence suggesting that adequate vitamin D
and VDR expression are required for T-cell antigen receptor signaling and subsequent T-cell
activation.[45] Recently, vitamin D has been found to prevent inflammation-associated
colon cancer through suppression of inflammatory responses during initiation of
carcinogenesis.[46] These experimental data may be consistent with our observation of the
strong inverse association of high plasma 25(OH)D with risk of CRC subtype with high-
level lymphocytic reactions.

Our current study has limitations. First, the sample size is limited due to the necessity of
both prediagnostic plasma and CRC tissue specimens, and therefore our results should be
interpreted cautiously. Given the uniqueness of the current study, our findings need to be
replicated in independent datasets. Second, potential selection bias might arise from our
exclusion of CRC cases without available tumour tissue data. However, the distribution of
risk factors among included cases did not appreciably differ from excluded cases. Moreover,
the association between plasma 25(0OH)D and risk of overall CRC did not appreciably differ
by the availability (vs. unavailability) of tumour tissue data. Third, the study was
observational and subject to influence of confounding. However, adjustment for a wide
range of risk factors for CRC had minimal impact on our results.

Our study has several strengths. First, this longitudinal study was conducted within two
well-defined cohorts, and our nested case-control design enabled us to match each CRC case
with controls from the same background population, which represents a substantial
advantage over ordinary case-control design. Second, we measured 25(OH)D in plasma
specimens obtained from cohort participants when they had not known if they would
develop CRC or not in the future. These prediagnostic plasma specimens represent a
precious resource to evaluate plasma biomarkers for a potential risk assessment tool in
clinical settings. Third, we collected detailed information on potential confounders and had a
high follow-up rate of the cohorts. Fourth, this study represents a unique integrative
molecular pathological epidemiology [47-52] analysis of prediagnostic plasma vitamin D
and immunity status in tumour tissue, which has enabled us to provide novel epidemiologic
evidence on the potential role of vitamin D in cancer immunoprevention.

In conclusion, high-level plasma 25(OH)D is associated with a lower risk of the CRC
subtype characterised by intense intratumoural periglandular lymphocytic reaction, but not
with risk of CRC subtypes with less intense reaction. Our findings suggest a potential
interplay of vitamin D and immune system that may operate to prevent CRC development.
Further research is needed to confirm our findings and to examine potential mechanisms for
CRC immunoprevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SUMMARY
What is already known about this subject?
« Vitamin D has been associated with lower risk of colorectal cancer (CRC).
» Vitamin D plays an important role in regulation of immune function.

e The multifaceted roles of host immunity and inflammation in regulating tumour
evolution have long been recognised.

What are the new findings?

e The association of high-level plasma vitamin D and lower risk of CRC differs
by CRC subtypes classified by the degree of lymphocytic reaction to CRC.

»  Plasma vitamin D level is associated with lower risk of the CRC subtype
characterised by high-degree intratumoural periglandular reaction, but not risk
of the CRC subtype with low-degree reaction.

How might it impact on clinical practice in the foreseeable future?

e Our findings provide the first line of population-based evidence for a role of
vitamin D in cancer immunoprevention through tumour-host interaction.

» Inthe future, host immunity status may serve as a potential biomarker to predict
the benefit from vitamin D supplementation or other vitamin D-augmenting
intervention for CRC prevention.
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Original cohorts
NHS: n=121,701, female nurses, established in 1976
HPFS: n=51,529, male health professionals, established in 1986

!

Sub-cohorts providing blood samples
* NHS: n=32,826, in 1989-1990
* HPFS: n=18,225, in 1993-1995

Follow-up until 2010

I CRC patients | | CRC-free participants |
|
Cases Matched controls
+ NHS: n=400 (alive, free of cancer,
* HPFS: n=299 matched on age and
date of blood draw)

Exclude: « NHS: n=783

+ Diagnosed within 2 years + HPFS: n=578
after blood draw (n=33 in the
NHS, n=42 in the HPFS); < Exclude:

» Tumor tissue unavailable >t Matched cases excluded
(n=187 in the NHS, n=108 in (n=440 in the NHS, n=295 in
the HPFS); the HPFS);

Measure plasma 25(0H)D, Measure plasma 25(0H)D
and conduct immune
evaluation in tumor tissues

Exclude: Exclude:

+ Plasma 25(0OH)D assay < .» ¢ Plasma 25(0H)D assay
failure (n=8 in the NHS, n=3 failure (n=1 in the NHS, n=1
in the HPFS); in the HPFS);

Figure 1.

Flow diagram of the nested case-control study design within the Nurses’ Health Study

Analysis population
+ NHS: n=172 cases, 342 controls
« HPFS: n=146 cases, 282 controls

(NHS) and the Health Professionals Follow-up Study (HPFS).

Gut. Author manuscript; available in PMC 2016 August 01.

Page 15



Page 16

Song et al.

"Yoam Jad s19]qe] Z 1Ses| 18 Pasn oYM aSOU) Se paulyap 81am s1asn Jejnbay

p

“yoom Jad S19]qe) Z 15e8| Je Pasn oYM 8SOU) Se Paulyap a1am s1asn Jeinbal pue ‘uliidse Bwi-Gzg Suleuod 18|qe) pepuels v,

‘pasipJepues-afie Jou sI pue sa|qerieA Buiyarew ayy Jo auo si aby

q

‘pai41oads 8SIMIBLIO SSBIUN SUBSLL 10} UOITRIASP PIBpURlS 81ed1pul SIsaylualed Ul siaquiny “uonoeal ankooydwA| uo eyep pey oym syuedionted m:oE<m

*Bnup Aloyewweyul-nue [eploJais-uou ‘alvsN

‘(3584 1e Inoy Jad 1ybiam Apog weibojiy/pasu 1101ed)/(AlAnoe noy 4ad ybram Apog welbojiy/paau 9110jed) = JusjeAinba d1jogelsw ‘| N ‘uoisuanadAH dois 01 sayoeoiddy Aselaig ‘HSWYQ :SUoleINSIgqaY

Jw/Bu ‘(abued ajienbisiul) UeIpaw ‘g UIWERNAAXOIPAY-GZ BWSe|d

010 (0semGee)eee (ceemzee) 8Lz 200 (ceem0Te) 8Lz (LTE0IG6T) T'9C
€10 (CRoN 324 (9w zve 900 (cv) ove (ev)gee 81008 18Ip HSVA
800 (0D 9ee (zvee 900 (T'9) 881 (8'9) e'81 p/B ‘axeur Jaquy [ejo L
190 (sev) ev6 (czey) 096 €000 (#05) 090'T (e69) v66 p/Bu ‘axfejur wnfofed
010 (692) TS (TeL2) 905 500 (9z2) Ly (202) T2 p/Bri “axejun spejo4
1€0 (0eT) g0t (gL1)eeT 100 (s6) TS (e9) 0 p/B ‘uondwnsuod |0yod|y
h - - 0€0 [0]% Ge mo\c ‘asn auowuoy uaiIn)d
- - - S6°0 18 18 % ‘[esnedousuwisod
9.0 T 6 020 91 4! p% SN AIVSN seinbay
520 8y v 100 I ce 5% 35N ULdse feinbay
220 €5 9y 850 6€ L€ 9% ‘38N UIWENAIINW JUBLIND
110 29 ¥S 260 8¢ 8¢ 9 ‘Adoosopua snoinaid jo AloisiH
ST0 9T [44 G8'0 TC 02 0% ‘189UBd |B12810]03 JO AI0ISIY Ajiweq
190 g v 790 T €1 9% ‘19Y{0Ws Jualny
200 9 vy T)719 8T0 Sy Te (T9)oe 0¢ abe a10jaq Buryows 40 Jeak->3oed
950 (9v2) 5°0¢ (8'92) T2 80 (7'6T) 59T (6'02) 991 SIMU- 1IN Anaie [eotsAud
900 (Te)sse (ee) 19 €70 (9v) v'se (6') L'Se 2W/Bx ‘xapur ssew Apog
- (7'8) 199 (') 099 - (59) L85 (9'9) 9°'85 gam; ‘Mesp pooiq e 2y
d  (zgz=u)sjonuop  (9pT=u) sesed d (eve=u) sppnuod  (zL1=U) saseD

UaIN

UBLIOM

a|qeLIeA

Author Manuscript

m@mms uaw pue (066T) uswom ul syuedioiaed [04U09 pue ased Jo SoNSIIgRIRYD dIseq paishipe-aby

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 August 01.

Gut. Author manuscript



Page 17

Song et al.

"poyIaW UOI93.1109 Yareq abesane ayr Buisn yoleq JuswiaInseaw 1oy paisnipy

}

‘uawiom esnedousuwiisod Buowe s mmmﬂcmsmn_m

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Gut. Author manuscript; available in PMC 2016 August 01.



Page 18

Song et al.

10 (LT'T-22°0) 050
ev/ST
€T’0 o (0£'1-15°0) T8°0
(r2'1-25°0) 08°0
YET/09

800 L0

(59°T-6£°0) 08°0
7174

(15°'1-69°0) 20°'T
(S8°T-€20) 90°T
ZrT/08

[ussayed] T o1 %56) ¥O 3pnId

ov/Se (82T/v9) S1013U09/S8SED JO "ON
PIIA

uasogen] 7 (10 %G6) 8O dIqeLeARIN

[uasesey] T o(10 %56) ¥O 3pnId

89T/€8 (PEV/E2T) S103U0I/SBSED JO "ON

1uasqy

sa)AooydwA| Buneny

1000>  (S€°0-€0°0) OT'0

1000>  (S€0-€0°0) 0T°0
SY/0T

€60 (¥5°1-29°0) 86°0
180 (S7'1-29°0) S6°0

2€T/99
1000 G50 (56'T-92°0) TL'0
(¥6T-L2°0) 2L°0
L2t

100°0> 850

(06°0-2T°0) €€°0

(88°0-2T°0) £€°0
62/vT

(L¥'1-290) 00T
(S7'1-89°0) 66°0
YST/6L

(S8°Z-1v'0)ST'T
(962-250) ¥2'T
G2/9T

hussagy] 1 (10 %856) HO lqELEANINN

[ussayed] T (12 %56) ¥O 3pnid

0z/€e (¥6/L%) $1043U00/5358D JO "ON
ubiH

[uasasey] T m_o %S6) HO 3|qereAn|niA

[ussayed] T (12 %56) ¥O 3pnid

S91/58 (TSP/0£2) S1013U09/S3SED JO "ON
PIIN

huesagy] 7 (10 %8S6) HO dlqELEANINN

[ussayed] T (12 %56) ¥O 3pnid

L2l (6L/T¥) 5101U02/535E JO "ON
1uasqy

uonoeal Jejnpue|Biiad [einownyenu|

600 (S0°'T-8Y°0) TL'0

500 (00°T-87°0) 69°0

(SZ'T-¥9°0) 060

(€2'1-59°0) 06°0

[ussagn] T (12 9656) O BIqeLEANINA

[uasegey] T 510 %56) ¥O 8pnid

0218 802/601 TAXAAA} (vZ9/8TE) S101U09/S35ED JO “ON
©.
vig 6.2 06T Juw/Bu ‘Q(HO)SZ 4O UeIpa pll#49n0
\a_mcwmo\_ﬁmcn_ u:m:n_
5 q galaL ZanmaL TonMal

Luonoeal a1n/ooydwA| Jo sjusuodwod Ag pue |[RISA0 ‘182URD [£19810]02 puUR S|aA3] g UIWeIAAXOIPAY-GZ ewise|d

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Gut. Author manuscript; available in PMC 2016 August 01.



Page 19

Song et al.

§6'0

800 6T°0

500 91’0

(65°T-09°0) 86°0
(S5'1-29°0) 86°0
80T/€S

(8£'1-22°0) S50
(1€'1-22°0) €50
9¢/5T

(65°T-020) 90°T

(85'T-TL0) 90T
6ETIVL

(89'T-82°0) 69°0

(L9'T-1€°0) T2°0
TE/ST

[ruasayed] T

[uasagay] T
6vT/VL

[russayed] T

[usiayay] T
L2/6T

ubiH
m_u %S6) HO 3|qereAnniA

{10 %56) O 8pnio

(96€/102) S1011U09/S3SED JO "ON
PIIN
m_u %S6) HO 3|qereAl NN

{10 %56) O 8pnio

(¥6/6%) S|011U0I/SBSED JO "ON

Juasqy uonoeas onAkdoydwA| [eanowniad

€00

8000

174\

Y

600 Sv'0

100 Ev'o

(98°0-70°0) 800
(05°0-00°0) 500
ST/T

(67'1-02°0) S50
(8T'T-6T°0) L¥'0
6E/ST

(e€'1-6%'0) T8°0
(62'1-05°0) T8°0
LTT/TS

(9€'2-€1°0) 950

(0S°'1-60°0) LEO
49/

(S9°'1-1€°0) 220

(T7'1-62°0) ¥9°0
8¢/8T

(99°'1-72°0) 80T

(0L T-SL0)ET'T
ZTT/99

[ussayed] T

[uaiayed] T
G/8

[uasagay] T

Dpuasegey] T
0€/Te

[usiayad] T

puasegey] T
ovT/eL

u_:o %S6) HO 8|qereAnnin
{10 %56) O 8pnIo

(2€/97) s103U09/s8SED O "ON
ubIH

u_:o %S6) HO 8|qereAnnin

{10 %56) "0 8pnio

(L0T/¥S) S103U09/S3SBI JO "ON
PIIN
u_:o %S6) HO 8|qereAlnin

{10 %S6) "0 8pnio

(69€/68T) S1043U09/S8SED JO "ON

JITEN\V] guonoEal proydwA| ax1j-s,uyold

€00

¢00

€T0

(28°0-90°0) 220
(€2°0-50°0) 02°0
62/6

(02'1-12°0) 050

(S0°'T-0T°0) €€°0

(86°0-0T°0) T€'0
T2/8

(68°'T-7°0) T6°0

[aiaged] T

[aiayed] T
474"

[uaiaged] T

m_o %S6) HO 8|qereAn|niA
{10 %56) O 8pnio

(29/T€) S101U09/53SBI JO "ON
ubiH
m_o %S6) HO 8|qereAnniA

Auauaboaaiey d

pua.ny
o} q d

€38 L

ca8L

TalsL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 August 01.

Gut. Author manuscript



Page 20

Song et al.

"PaPNIX3 849M S|0JIU0D 9TT PaydIeW ay pue uoioeal proydwA| a11-s,uyolD Uo erep BUISSIW YIIM Sased aulu >t_u_m

*(snonunuog) a109s uoisuauadAH dois o3 sayoeolddy Arelaiq pue ‘(Aep/6 ‘snonunuod) uondwnsuod

Joyooje ‘(>eam Jad Inoy JusjeAinba d1jogelsw ‘snonuiuod) AlAnoe [eaisAyd ,ANEBV_ ‘snonuiluod) xapul ssew Apoq ‘(snonuinuod) pjo sieak og abe a10jaq Bujows Jo sieak-yoed ‘Bnip Alojewweul

-1JUE |BPI0JB)S-UOoU JO uLiIdse Jo asn tejnBal ‘Buiuaalos 01doosopus ‘Isoued (210810109 0 AI0isIy Ajiley 1oy paisnipe uoisseiBal o11sIBo] [eUONIPUOD B|geLIBAINNW ‘S10108) BUILDIEW BU) O) UOIIPPE U]

)
*(meap poojq Jo awi pue abe ‘xas) si01oe) Bulyorew ayy 1oy paisnipe uoissalbal onsifo| _mco_u_vcoow

'S1043U02 PaYdYEW 1Y) pue uonoeal anAdoydwA| Jo sluauodwod d1198ds uo eyep BuiAey S8sed [[e Uo paseq sem m_w>_m:<n

‘sainowiny Jo sadAlgns ssoJoe g UIWENAAX0IPAY-GZ eused JO 8]118) Yoea JO aNfeA UBIPSW YIIM PaJeIo0SSe J30Ued [810910]09 JO Ysii 8y} Buriedwoo 1se) legoIo,

'@ UIwenAAX0IpAy-Gz ewseld 40 8]1318) Uoes JO anjeA uelpau ayl Buisn pawoyiad sem puai) 1oy Hmm._.n_

‘(paxJew Jo aresapow) ybiy pue ‘pjiw ‘yuasqe :se pasiiobaled sem uonoeas onAdoydwA| Jo Emcogeoom

"01184 SPPO ‘YO ‘[BAISIUI BOUBPLUOD ‘|D ‘@ UIWENAAXOIPAY-GZ ‘A(HO)SZ :suoneinaiqay

(18°0-vT0) ¥€'0  (9€'T-0€°0) ¥9°0  [asayey] T m_u %56) O BIdeLEAINA

9 apn.
(eL0v1T0)2ce0  (L€T-2e0) 990 [usssped] T o{10 %56) HO 3P0

09/6T 8€/0¢ 9€/6¢ (¥€1/89) S1013U02/S3SED JO "ON

puasl g

€38 L ca8L TalsL

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

available in PMC 2016 August 01.

Gut. Author manuscript



Page 21

Song et al.

{10 %56) O 3pnid

020 990 (21170080 (102750 vO'T  [usseyed] T
1912 9/S 09/T€ (€GT/L2) S1011U0D/S3SED JO ON
mop IR0 +0¥SYAd
v a|qeleAn|n
€00 (88°0-9T°0) 860 (T2 T-€70) 980 [uameyed] T m_o %56) O 2IGeLBABINA
0 apn.l
500 (86'0-T2’0) 970  (82T-2'0) 260  [ususeyed] T o{10 %56) 8O 3pNID
TS/ST Sv/l2 9G/ve (2ST/92) S1011U02/S3SED JO "ON
ubIH
v a|geleAn|n
ZTo 06°0 (2Tz-s7'0) 16'0  (69°'T-G7'0) 280 [usseyed] T %eo %56) O 2IGeLeABINA
0 apn.l
610 980 (20'z-9v'0) £6'0  (LS'T-¥r'0) €80 [usseyed] T o{10 %56) 8O 3pNID
i zs/eT 16/8¢2 (ST/€L) S1011U0D/S3SRD JO “ON
Mo mm 199 +8AD
v 9|qeLie n
9000  (S20-.T10)9¢0 (90°T-1€°0) .60 [uassgey] T %eo %56) HO 2IGeLBABINA
0 apnl
8000  (620-020)0v'0 (80'T-€€°0) 650 [uasgey] T (10 %656) HO 2P0
85/8T 85/92 9G/2y (2£7/98) $1011U0/S8SEI JO "ON
ubIH
v 9|qeLre n
€00 110 (67'2-9v'0) L0T  (S8'2-290) 68T [uaseyed] T m_o %56) O 2IGeLBABINA
0 apn.l
500 690 (L§Z-050) €TT (692-990) €€T [uaseyey] T o1 %56) 8O 3pNID
8€/6T TIve 0S/22 (62T/59) S1011U02/S3SED JO “ON
Mo S|190 +€A0
500 (66°0-€€°0) LG50 (v€'T-€5°0) ¥8'0 [usseyey] T %A_o %S6) ¥O ICeLRABINA
9 apn.
900 (20'1-9¢0) 190 (T€T-€50) €80 [uaseyen] T oeo %56) 40 3pNID
©.
96/.8 66/0 90T/¥9  (TOS/TST) SI0AIU/S3sED J0 'ON pll#49n0
B_w:wmo_wuw:n_ _ucm\:n_
2 ga|eL A:[ISET TapueL

mb_mc% 18sgns |199-1 Bunenjiyui-inown Ag pue [[eJaA0 ‘1a2ued [e19310]09 pUe S|9A3] @ UlwelAAX0IpAY-GZ ewise|d

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Gut. Author manuscript; available in PMC 2016 August 01.



Page 22

Song et al.

"PAPN|IXa 8IaM S|0AIU0D QT PaYdIeW ay} Pue S|139 +EdX O UO elep Buissiw yim sased N4,

"PAPN|IXa 8J9M S|0JJUOD OM} PBYIIEW By} PUE S|183 +O¥SYAD UO elep BuIssiw Ylim ased m:oc

"PAPN|IXa 3I9M S|04IUOD INOJ PAYITRW BY} PUB S[|39 +8QD UO elep Buissiw Yiim sased oMLy

"Z 9|0 Ul Se SajeLIeA0d JO 18S aWes ay} 10} u&m:_?d

‘(meJp poojq Jo awi pue abe ‘xas) s101e} Bulyorew ayy Joy paisnipe uoissaibal onsibo| _mco_u_ucoom

'$]0J3U0D PaYdYeW J18Y} PUe S}aSANS S|[89- 1 d13198ds uo eyep BuiAey sased |[e uo paseq sem m_m>_m:<_u

‘sinown} Jo sadAigns ssoioe @ ulWenAAX0IpAY-Gz ewse|d JO 8118} YIea JO anjeA UeIpal YIM Pajeldosse Jadued [e1aa10]09 JO XSk 8y} m::manoo

'@ ulwelAAXoIpAy-Gz ewseld Jo 8[118} yoes Jo anjeA uelpaw ay) Buisn pawiopiad sem pualy 1oy 19 _.n

'SI189 L €dX 04 40§ 9£°9Z pue 's][8d , OHSYAD J0) L6°9LE 'SI18d 8AD 404 §9°9EC ‘S8 L €AD 10} L6°17T ANEE\m__mov Auisusp 18sgns [89- 1 Bunenjiyul-inowny ybiy pue moy 1oy tousom

"011BJ SPPO ‘YO [eAISIUI 8OUBPIIUOD ‘| :SUOIRIABIGAY

0 a|gelreAlnn
AN (eT'T-520) €50 (08'T-15°0) 960  [usseyed] T m_o %S6) HO 2IGELRABINA

0 apn.
€10 (bTT-L20)950 (8LT-250) 260 [usissen] T o{1 %56) 8O 3pNID

25/8T 67/82 28/1e (EST/LL) S1011U0I/SBSEI JO "ON
ubiH
0 a|gelreAnnn
€80 820 (97'1-820) Y90  (25T-5€°0) €20 [usseyed] T m_o %S6) HO 2IELRABINA
0 apn.
v20 160 (SST-€0)TL0 (SvT-980)TL0 [usiapey] T o{1 %56) 8O 3pNID
ov/8T 9/02 28/1e (8£T/69) S1011U0I/SESEI JO “ON
MO 1192 4£d X0
0 a|gelreAnnn
100 (08°0-9T0) 560 (S2'1-56°0) 990  [wuaseyed] T m_o %S6) HO 2IGELRABINA
0 apn.
€00 (160-020)2v'0 (e€T-660)2,0 [usisson] T o{10 %86) 8O 3pNID
8/ST 16/5¢ LY/Ee (9¥T/€.) SI011U0D/S3SED JO "ON
ubIH
[V a|gelreAnnn
1170 2.0 (98°'1-0v'0) 980 (¥2'2-95°0) ¢T'T [usseyey] T m_o %S6) HO 2IGELRABINA
3_@:%832& ucmbn_
2 q galaL ZamsL TaleL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 August 01.

Gut. Author manuscript



