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Abstract Molecular and clinical observations provide evi-
dence for a potential role of parathyroid hormone (PTH) in
colorectal cancer development. We therefore aimed to assess
the association of PTH with regard to colorectal cancer pre-
cursor lesions. A cohort of 1432 participants, 777 men, 58.4±
9.6 years and 701 women, 59.1±10.6 years, undergoing
screening colonoscopy were allocated to PTH serum concen-
trations either above or below 55 ng/L. The number, localiza-
tion, size, and histology of the polypoid lesions detected dur-
ing screening colonoscopy were recorded according to PTH
serum concentrations. Serum PTH concentrations were not
different between men and women. Women with PTH serum
concentrations above the cut-off had significantly more ade-
nomas (13/40; 32.5%) of the distal colon compared to women
below the cut-off (91/659; 13.8 %; P=0.001). Additionally,
the rate of dysplasia in adenomas of the distal colon was
higher in women with high compared to low PTH concentra-
tions (P=0.001). These findings remained robust after adjust-

ments for serum vitamin D, age, plasma creatinine, BMI, di-
abetes, and liver steatosis. No associations were observed be-
tween serum PTH concentrations and colorectal lesions in
men. These data suggest that elevated PTH serum concentra-
tions might have a role in colorectal cancer development as
indicated by higher rates of adenomas, specifically with dys-
plasia, in women. The role of PTH in colon carcinogenesis
and its sex specificity deserve further study.

Introduction

Parathyroid hormone (PTH) is primarily known for its prom-
inent role in bone metabolism and calcium and phosphate
homeostasis together with vitamin D (VitD) [1]. Although
the associations of low concentrations of VitD with malignan-
cies and metabolic diseases have been extensively investigat-
ed in recent years, the potential involvement of PTH in this
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respect has been only marginally considered [2]. PTH serum
concentrations rise as serum VitD decreases and may thereby
contribute to the associations observed between low VitD and
various diseases [1].

Higher serum PTH concentrations have been associated
with mortality independent of VitD, age, and other co-
variates [3, 4]. Additionally, PTH serum concentrations in-
crease with age and this increase likewise occurs independent
of VitD status, renal function, or phosphate in men and wom-
en [5]. Although gender differences with regard to PTH in-
creases with age and its biological effects have been suggested
[6], both short- and long-term changes are observed in men
and women alike [5, 7].

Several molecular observations suggest that PTH may po-
tentially be involved in colon cancer development. The PTH
receptor (PTH1R) is highly expressed in colorectal adenomas
and cancers but less in normal colonic mucosa from the same
patients [8, 9]. Additionally, direct PTH actions have been
demonstrated in carcinogenesis mainly via co-mitogenic and
anti-apoptotic activities in the mammary gland [10]. However,
in the human colon cancer cell line Caco-2, PTH induced G0/
G1 phase arrest by affecting proteins involved in the PKC
pathway [11]. PTH increases insulin-like-growth factor I
which is considered a growth-promoting agent in colon carci-
nogenesis [12, 13]. PTH-related peptide, which acts via the
same PTH1R, has been demonstrated to enhance colon cancer
cell proliferation and adhesion [14]. Its expression is markedly
enhanced in colon cancer tissue compared to adenomas and
normal mucosa [15]. In summary, the pleiotropic effects of
PTH on cell cycle regulation together with the diversity of
its receptor expression encourage clinical research regarding
a potential role of PTH in cancer development.

However, data investigating the relevance of these molec-
ular and cell culture findings in the pathogenesis of human
diseases are scarce. Case reports and case series have repeat-
edly suggested a link between primary hyperparathyroidism
and colon cancer [16–19]. Farr et al. reported malignancies in
one third and benign tumors primarily of the breast, stomach,
and colon or premalignant conditions of various sites in an-
other third of their patients from Sloan-Kettering Cancer Cen-
ter [20]. In a recent nested case-control study from the Euro-
pean Prospective Investigation into Cancer and Nutrition
(EPIC) cohort, the incidence of colon cancer but not of rectal
cancer was significantly related to pre-diagnostic serum PTH
concentrations in men, but not in women, and the link was
strongest in overweight subjects [21]. This analysis represent-
ed the first epidemiological report on an association between
colonic neoplasia and serum PTH concentrations.

Since available molecular data and clinical observations
support a role of PTH in colon cancerogenesis, we aimed to
investigate the potential association of PTH with precursor
lesions of colorectal cancers in a screening colonoscopy co-
hort. To our knowledge, this is the first study showing that

elevated serum PTH concentrations may be relevant for the
development of colorectal neoplasia and, in particular, for ma-
lignant transformation at early stages.

Material and Methods

Study Concept The study has been designed as an ongoing
evaluation of subjects undergoing screening colonoscopy, de-
tails of which have been reported previously [22]. From all
study participants, a detailed drug and medical history and a
routine physical examination were obtained. Following an
overnight, fast venous blood was collected and an oral glucose
tolerance test was performed. On the following day, subjects
underwent colonoscopy.

Study Subjects From a total of 891 initially screened male
subjects, 59 (6.6 %) were excluded from the study because of
incomplete colonoscopies (N=15), a history of previous colo-
rectal polypectomy (N=27), newly diagnosed and to date
asymptomatic inflammatory bowel disease (N=3), other ex-
traintestinal malignancies (N=11), or systemic autoimmune
diseases (N=3). Fifty-two (8.9 %) women of 851 initially
screened were excluded because of incomplete colonoscopies
(N=20), a history of previous colorectal polypectomy
(N=21), to date asymptomatic inflammatory bowel disease
(N=2), extraintestinal malignancies (N=3), or systemic auto-
immune disease (N=6). After exclusion of 93 subjects on
VitD and/or calcium supplementation and 21 subjects with
missing PTH levels, 1517 subjects (807 men, 710 women)
were included. Among women, 3 were further excluded due
to PTH >100 and 6 due to plasma creatinine above 1.2 mg/dL.
Among men, 3 were excluded due to PTH >100 ng/L and 27
due to creatinine >1.2 mg/dL. This exclusion was performed
as the aim of the evaluation was to assess potential associa-
tions of PTH with colorectal adenoma strictly within healthy
ranges. No low PTH cut-off was used since 8 men and 20
women had concentrations below 15 ng/L with normal calci-
um and VitD concentrations, and exclusion of these subjects
did not alter results. Finally, data from 701 women and 777
men were used for the analysis. All subjects underwent colo-
noscopy for colorectal cancer screening according to national
screening recommendations for colorectal cancer at a single
center from October 2010 to January 2013 and allocated to
high or normal PTH defined by a cut-off of 55 ng/Lwhichwas
identified as detailed below. The study was approved by the
local ethics committee, and informed consent was obtained
from all participants.

Laboratory Assessment Full blood counts were obtained in
all subjects by standard laboratory methods. Erythrocyte sed-
imentation rate (ESR) was measured in citrate plasma. Serum
PTH concentrations (normal range 15–65 ng/L) were
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measured using the Cobas® Parathormon—PTH intact
electrochemiluminescence immuno-assay obtained from
Roche (Roche Diagnostics, Mannheim, Germany). Inter-
assay variability of PTH measurements was below 7.0 % as
determined with two control samples at target values of 55 and
60 ng/L. No significant between-day drift, time drifts, or other
trends were observed. 25-Hydroxyvitamin D3 (25(OH)D3)
(normal range 20–60 ng/mL) was measured by the
electrochemiluminescence-based Cobas e411 analyzer (TM)
employing the respective Elecsys (TM) reagents (Roche Di-
agnostics, Mannheim, Germany). The laboratory performed
regular quality control measurements, including a pooled se-
rum sample analysis with batches of study samples to monitor
precision and identify possible laboratory shifts over time, as
well as testing duplicates in different batches. The inter-assay
coefficient of variation was <6 % for 25(OH)D3. All analyses
were conducted in a blinded fashion. A standardized oral glu-
cose tolerance test (OGTT) was performed with 75 g of glu-
cose in 300 mL of water. HbA1c (normal range <6.5 %) was
measured by HPLC using Adamts H-8160 (Menarini, Flor-
ence, Italy). Type 2 diabetes was classified as use of diabetes
medication, HbA1C ≥6.5 %, fasting glucose >7.0 mmol/L, or
2-h oral glucose tolerance test values >11.1 mmol/L.

As reported previously [22], right upper quadrant US exam-
ination was performed (ATL HDI 5000; Phillips Medical Sys-
tems, Vienna, Austria). The liver was considered “normal” if
the echogenicity was homogenous and similar to or slightly
higher than the echogenicity of the renal parenchyma. The liver
was considered “fatty liver” if increased echogenicity in relation
to the renal parenchyma was found. The severity of sonograph-
ic steatosis was not graded [23]. The diagnosis of nonalcoholic
fatty liver was based on specific findings on right upper quad-
rant US examination (as noted above) and after exclusion of
viral, autoimmune, and hereditary (Wilson disease, hereditary
hemochromatosis, alpha-1 antitrypsin deficiency) liver disease
and excess alcohol consumption of >20 g/day [24].

Colonoscopy The laxative Klean–Prep® (containing
macrogol 59.0 g, sodium sulfate 5.68 g, sodium bicarbonate
1.68 g, NaCl 1.46 g, and potassium chloride 0.74 g; Norgine,
Marburg, Germany) was used for bowel preparation before
colonoscopy. Colonoscopic findings were classified as tubular
adenoma, advanced adenoma, i.e., villous or tubulovillous
features, size ≥1 cm or high-grade dysplasia, or carcinoma
after a combined analysis of macroscopic and histological
results. Hyperplastic adenomas were counted but not consid-
ered for further analyses [25]. Lesions were classified by lo-
cation (i.e., proximal colon including caecum, ascending co-
lon and transverse colon, distal colon ranging from the splenic
flexure to the sigmoid and rectum alone).

Statistical Analysis For all analyses, SigmaStat 3.1 or
STATA 8.0 software packages were used. Data are presented

as mean±standard deviation (SD), unless otherwise indicated.
ANOVA was used for comparison of continuous variables.
The Pearson chi-square test was used to calculate rates and
proportions. In multivariate regression analysis, the number of
adenomas in the distal colon was used as dependent variable
and age, BMI, creatinine, VD, liver steatosis, T2DM, and
PTH concentrations < or >55 ng/L as independent variables.
To determine predictors of the presence/absence of colonic
adenomas or dysplasias, logistic regression analysis was used
using independent variables as above. Throughout, a two-
tailed P value <0.05 was considered statistically significant.

Results

Characteristics of the Study Cohort

As detailed above, data from 777 males and 701 females were
included in the analysis. The clinical and biochemical charac-
teristics of these subjects are summarized in Table 1. Average
values for BMI, VitD, and creatinine were higher in men than
in women, while no difference was noted in average values for
age, PTH, and HbA1c. The prevalence of type 2 diabetes was
similar between men and women, but liver steatosis was more
prevalent in men than in women. Data on the associations
between VitD, corrected for seasonal variation, and colorectal
adenomas in this cohort have been published in detail
previously [26].

Among the variables shown in Table 1, PTH was associat-
ed with age (R=0.090; P=0.017), BMI (R=0.212; P<0.001),
and VitD (R=−0.282; P<0.001) in women and with age
(R=0.073; P=0.040) and VitD (R=−0.197; P<0.001, Spear-
man rank correlation analysis) in men. Women with T2DM or
liver steatosis had higher PTH serum concentrations com-
pared to those without T2DM or steatosis, respectively (36.7
±14.8 vs. 33.1±11.6 ng/L; P=0.007 or 35.9±13.3 vs. 32.0±

Table 1 Clinical and biochemical characteristics of men and women

Variable Men
(N=777)

Women
(N=701)

P

Age (years) 58.4±9.6 59.1±10.6 0.427

Subjects with any neoplasia (y/n) 384/383 232/469 <0.001

BMI (kg/m2) 27.7±4.1 26.1±5.5 <0.001

Diabetes (y/n) 128/649 96/605 0.359

HbA1c (%) 5.76±0.64 5.76±0.68 0.891

Steatosis (y/n) 469/308 286/415 <0.001

25(OH)D3 (ng/mL)a 24.6±10.8 23.0±11.6 0.007

PTH (ng/L) 33.3±11.3 33.6±12.1 0.687

Creatinine, mg/dL 0.89±0.13 0.74±0.13 <0.001

BMI body mass index, HbA1c glycated hemoglobin A1c
a Seasonally adjusted serum concentrations
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11.0, respectively), but no differences were observed in men.
Overall, the rate of colorectal adenomas was higher in men as
compared to women. To determine possible associations of
PTH concentrations with colorectal lesions, we plotted sex-
specific rates of colorectal lesions against PTH increments and
observed an abrupt significant increase of rates for the pres-
ence of adenomas (P=0.034) and dysplastic lesions
(P=0.012) in the distal colon at PTH values above 55 ng/L
in women. However, a cut-off value for any of the adenoma
categories could not be identified in men (Fig. 1). Neverthe-
less, we used 55 ng/L as the cut-off value for PTH serum
concentrations in both sexes for comparison. We found that
5.1 % of our study participants (40/701; 5.7 % of women and
36/777; 4.6 % of men) were above of 55 ng/L. The number of
total adenoma and sessile adenoma showed borderline signif-
icance in the comparison of men with low compared to high
PTH serum concentrations. However, no dose-effect relation-
ship could be identified in men as opposed to women.

Number, histology, morphology, and localization of colo-
rectal lesions observed in men and women were determined
above and below 55 ng/L (Table 2). In univariate analysis, the
rates for the presence of any adenomas and sessile adenomas
were higher below as compared to the respective rates above

55 ng/L PTH. In women, univariate analyses showed higher
rates for the total number of adenomas, advanced and
tubulovillous adenomas, adenomas with dysplasia, and the
number of adenomas in distal colon above as compared to
the respective rates below the cut-off value.

High Serum PTH Concentrations are Independently
Associated with Dysplasia

To determine whether the associations of high PTH serum
concentrations observed in women remain robust after correc-
tion for potential confounders, we performed logistic regres-
sion analyses. Associations with PTH strata were found with
age, BMI, plasma creatinine, VitD, T2DM, and hepatic
steatosis as detailed in Table 3. These variables were therefore
adjusted for in the multivariate model.

Univariate logistic regression analysis showed that PTH
was associated with dysplasia in adenomas of the distal colon
with an OR of 5.1 (95 % CI 1.8–14.5; P=0.002). This asso-
ciation remained significant after adjustment for potential con-
founding variables (Table 4). Additionally, a significant asso-
ciation was noted for advanced adenoma (P=0.032) and the
location of adenomas in the distal colon (P=0.018).

Fig. 1 a, b Proportions of
subjects with adenomas in the
colon according to increasing
serum PTH concentrations. An
increase of the proportion of
subjects with adenomas was
detected in women above 55 ng/L
but not in men. The figures in the
bars represent the absolute
numbers of subjects in the
respective groups
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Borderline significance (P=0.054) for the association of
tubulovillous adenoma of all locations with PTH strata was
observed after adjustment for creatinine, age, BMI, VitD,
steatosis, and T2DM. In multivariate regression analysis, the
number of adenomas in the distal colon displayed a borderline
association (P=0.062). Furthermore, the significance of the
association between adenomas with dysplasia in the proximal
colon and serum PTH concentrations (P=0.002) was not

maintained after adjustment for VitD and the confounders
described.

Discussion

Lately, the role of the calcium/VitD homeostatic network has
been studied in various diseases. Overall, data suggest that

Table 2 Summary of colorectal lesions found in men and women analyzed with regard to number, histology, morphology, and localization according
to serum PTH concentrations

PTH (ng/ml) Men (N=777) Women (N=701)

<55 (N=741) >55 (N=36) P value <55 (N=661) >55 (N=40) P value

Number (total adenoma)

>0 372 (50.2) 12 (33.3) 0.048 216 (32.7) 16 (40.0) 0.339

1 186 (25.1) 8 (22.2) 134 (20.3) 4 (10.0)

≥2 186 (25.1) 4 (11.1) 0.091* 82 (12.4) 12 (30.0) 0.004*

Advanced 60 (8.1) 2 (5.6) 0.582 25 (3.8) 5 (12.5) 0.008

Advanced proximal colon 25 (3.4) 0 (0) 0.263 14 (2.0) 4 (10.0) 0.002

Advanced distal colon 24 (3.2) 2 (5.6) 0.450 9 (1.4) 2 (5.0) 0.072

Advanced rectum 14 (1.8) 0 (0) 0.405 3 (0.5) 1 (2.5) 0.095

N, histology

>0, tubular 249 (33.6) 8 (22.2) 0.156 124 (18.8) 12 (30.0) 0.081

1, tubular 148 (20.0) 6 (16.7) 93 (14.1) 7 (17.5)

≥2, tubular 101 (13.6) 2 (5.6) 0.281* 31 (4.7) 5 (12.5) 0.068*

Tubulovillous 22 (3.0) 0 (0.0) 0.165 13 (2.0) 3 (7.5) 0.023

With any dysplasia 83 (11.2) 1 (2.8) 0.112 46 (7.0) 7 (17.5) 0.014

Dysplasia proximal colon 46 (6.2) 0 (0) 0.123 27 (4.1) 6 (15.0) 0.002

Dysplasia distal colon 34 (4.6) 1 (2.8) 0.609 18 (2.7) 5 (12.5) 0.001

Dysplasia rectum 22 (3.0) 0 (0) 0.294 7 (1.1) 1 (2.5) 0.405

Morphology of adenoma

Flat 63 (8.5) 2 (5.6) 0.533 45 (6.8) 4 (10.0) 0.442

Sessile 334 (45.1) 10 (27.8) 0.041 175 (26.5) 15 (37.5) 0.128

Pedunculated 48 (6.3) 1 (2.3) 0.277 17 (2.6) 4 (8.9) 0.015

Localization

>0, proximal colon 191 (25.8) 5 (13.9) 0.109 119 (18.0) 8 (20.0) 0.750

1, proximal colon 123 (16.6) 4 (11.1) 90 (13.6) 6 (13.3)

≥2, proximal colon 68 (9.2) 1 (2.8) 0.239* 29 (4.4) 2 (4.4) 0.950*

>0, distal colon 176 (23.8) 6 (16.7) 0.327 91 (13.8) 13 (32.5) 0.001

1, distal colon 121 (816.3) 2 (5.6) 67 (10.1) 11 (27.5)

≥2, distal colon 55 (7.4) 4 (11.1) 0.187* 24 (3.6) 2 (5.0) 0.003*

>0, rectum 150 (20.2) 3 (8.3) 0.079 65 (9.8) 6 (15.0) 0.293

1, rectum 113 (15.3) 3 (8.7) 53 (8.0) 4 (10.0)

≥2, rectum 37 (5.0) 0 (0) 0.173* 12 (1.8) 2 (5.0) 0.331*

The figures in the columns refer to the respective number of adenomas detected. Percentage values are in parentheses. In the distal colon, a significantly
increased rate of adenomas, particularly those with dysplasia, was found in women with higher PTH concentration. The size of adenomas in the various
groups is not presented as there were no differences in either men or women. Advanced adenomas include adenomas with villous features (>25 %), size
of 1.0 cm or more, high-grade dysplasia, or early invasive cancer

PTH parathyroid hormone

*P value referring to the comparison for the number of adenomas (coded = 0, 1, or ≥2) (two and more) between high and low PTH; other P values
referring to the comparison of presence or absence of the respective adenomas between the defined groups
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VitD deficiency is involved in the pathogenesis of multiple
diseases including malignancies besides its mere role in bone
integrity and calcium homeostasis. Since previously published
literature provides at least circumstantial evidence that prima-
ry hyperparathyroidism was associated with an increased can-
cer rate particularly of the colon, we aimed to investigate
whether PTH was linked to the presence, number, and histo-
logical characteristics of colorectal adenomas in subjects un-
dergoing screening colonoscopies.

The main findings of our study were that high serum PTH
concentrations were associated with colon adenomas in women
but not in men. In detail, this relation was due to a higher rate of
adenomas in the distal colon. Regression analysis confirmed
that the association of PTH with distal adenomas remained
intact after adjustment for potential confounders. With regard
to the gender difference of the association of PTH with colon
adenomas, we do not have plausible explanation why this was
observed in women and not in men. So far, the only epidemi-
ological study by Fedirko et al., a sub-analysis of the EPIC
cohort, suggested that higher PTH serum concentrations were
particularly related to colon cancer in men but only non-
significantly in women [21]. It is worth mentioning that the
cut-off used by Fedirko et al. was 65 ng/L, however, we found
very few subjects with concentrations above 65 ng/L. One may
speculate that effects in men are observed at higher levels of
PTH and that other factors were more important in the PTH
range observed in our male study population. Taking these data

together, we suggest that the link of PTH with colonic neopla-
sia may in fact occur in men and women even though but the
two available studies failed to detect these differences in wom-
en or men, respectively. Furthermore, PTH effects may have
some gender-specific differences in experimental animal set-
tings [27], but to our knowledge, no data are available that
would justify the assumption of a true biological gender differ-
ence in the association of PTH and colonic neoplasia.

Higher PTH concentrations were also associated with dys-
plasia in the distal colon. This adds further weight to the find-
ing that elevated serum PTH concentrations may contribute to
cancer development. Although PTH was borderline associat-
ed with dysplasias of adenomas also in the proximal colon,
this association was abolished after adjustment for VitD. We
published findings on the association of VitD and findings at
screening colonoscopy previously and found that in this co-
hort, lower VitD serum concentrations were linked to a higher
rate of colonic adenomas in the proximal colon. This differ-
ence in relation to the colonic sub-site suggests that low VitD
does not lead to a higher rate of colonic adenomas via consec-
utively raised PTH concentrations. From previous investiga-
tions, it can be concluded that PTHrP, and thus likewise PTH,
may promote cell proliferation and adhesion to the extracellu-
lar matrix [14]. Additionally, higher PTH concentrations may
aid in inhibition of apoptosis. Thus, rather than being muta-
genic by itself, higher PTH may offer a survival benefit for
dysplastic cells, increasing the rate of dysplastic adenomas
and thereby also cancers in the long term. However, these data
were not confirmed in another study questioning the role of
PTH fragments in colon carcinogenesis [28].

Avast body of literature has been published on the involve-
ment of VitD in the development of multiple common dis-
eases such as malignancies or cardiovascular disease. Howev-
er, two aspects need to raise caution with regard to the exten-
sive research in extra-osseous VitD roles. First, although
broad epidemiological research has been performed, evidence
for causality has not been demonstrated and is therefore still
questionable. Second, the VitD homeostatic system is com-
plex with interaction of multiple factors like PTH, phosphate,
fibroblast growth factor 23, and klotho directly or indirectly
involved, but research has almost exclusively focused on VitD
serum concentrations leaving the potential involvement of
these tightly related factors uninvestigated.

In addition, the relatively small sample size may be consid-
ered a limitation of our study. Admittedly, sample size may
underlie the observed gender differences between our study
and others [16]. However, the study participants have been
characterized in detail regarding clinical, biochemical, and
endoscopic findings. This meticulous patient characterization
allowed for reliable adjustment for co-morbidities and VitD.
Moreover, for this analysis, we rigorously excluded subjects
with elevated creatinine above normal limits to avoid renal
insufficiency as a cause of elevated PTH concentration.

Table 3 Associations of binary PTH groups with clinical
characteristics of female study participants

Trait PTH level (ng/L) P

<55 >55

Age [years] 58.8 (10.5) 64.0 (10.8) 0.003

BMI [kg/m2] 26.5 (5.4) 28.7 (5.9) 0.012

Creatinin [mg/dL] 0.73 (0.12) 0.78 (0.14) 0.019

VitD [ng/ml] 23.6 (11.6) 14.7 (9.0) <0.001

Diabetes [y/n] 86/575 10/30 0.032

Steatosis [y/n] 260/401 26/14 0.001

Table 4 Logistic regression analysis of dysplasia in colorectal
adenomas with PTH above or below 55 ng/L in women

OR CI (95 %) P

PTH, ng/L, >55/<55 4.486 1.443–13.937 0.009

Age, years 1.043 0.996–1.093 0.069

BMI, kg/m2 0.893 0.804–0.992 0.034

VitD, ng/mL 1.00 0.968–1.042 0.818

Creatinine, mg/dL 9.553 0.502–181.85 0.133

Liver steatosis, y/n 2.354 0.873–6.347 0.090

Diabetes, y/n 0.911 0.271–3.056 0.879
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Hence, future studies will need to investigate colonoscopy
findings in patients with a broader spectrum of renal disease
in order to analyze the effect of elevated PTH serum concen-
trations over often many years.

In summary, we report a link of higher serum PTH concen-
trations with distal colonic adenomas and a higher rate of
dysplasia therein in females undergoing screening colonosco-
py. To our knowledge, this is the first report of a significant
association of PTH with colorectal pathologies in a relatively
healthy cohort undergoing screening colonoscopy. We sug-
gest that the role of PTH in colon carcinogenesis should be
investigated in more diverse patient cohorts and also with
regard to molecular mechanisms.
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