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Abstract
Visual outcomes after treatment of uveal melanoma have been investigated repeatedly. In this paper, we
evaluate the correlation between visual acuity (VA) prior to enucleation, presenting symptoms and
�ndings upon histopathological examination of eyes and tumors. Sixty nine patients were included. Their
mean best corrected visual acuity (BCVA) prior to enucleation was LogMAR 0.80 (SD 0.70). Patients that
reported low VA or blurry vision did not have lower BCVA upon refraction (p=0.34). Patients with low BCVA
had tumors with greater apical tumor thickness (p=0.027), basal diameter (p=0.012) and stage (p=0.014).
The experience of a shadow in the visual �eld correlated with presence of vasculogenic mimicry in the
tumor (p<0.001). In multivariate Cox regressions with tumor thickness and diameter as covariates, tumor
cell type and in�ltration of the optic nerve head were associated with increased hazard for melanoma-
related mortality (3.2 and 3.6, respectively). We conclude that patients that report low VA do not
necessarily have worse BCVA. The latter do however have tumors with larger dimensions, at more
advanced stage. A shadow in the VF correlates with presence of vasculogenic mimicry, which is an
independent predictor for poor prognosis along with tumor in�ltration of the optic disc and tumor cell
type.

Introduction
Uveal melanoma is the most common primary intraocular malignancy, affecting more than 7000
individuals each year worldwide.1 Uveal melanomas most commonly arise in the choroid (90 % of cases),
followed by the ciliary body (6%) and iris (4%).2 Within 15 years from diagnosis, 32 to 45 % of patients
succumb to metastatic disease, with no survival difference after enucleation or eye-preserving plaque
brachytherapy of eyes with medium-sized tumours.3–5

Several studies have reported short and long-term visual outcomes after plaque brachytherapy. These
indicate that one-half of patients lose six or more lines of visual acuity (VA) three years after treatment.6

At 10 years, one-half to three in �ve patients have Snellen <20/200 and three quarters have abnormal
visual �eld (VF) sensitivity (10-2 testing).7–10 Further, greater tumor thickness, shorter distance to the
macula, subretinal �uid, worse baseline VA, non-Caucasian race, speci�c tumor shapes and a
simultaneous diabetes diagnosis have been associated with increased risk for poor VA, with more than
99 % of patients suffering from Snellen <20/200 if all factors are present.11

The most common presenting symptoms in uveal melanoma are blurred vision, a shadow in the VF,
photopsia, �oaters and metamorphopsia.12 A shadow in the VF, experienced by approximately 1 in 6
patients, correlates to an exudative retinal detachment and is an independent predictor of uveal
melanoma-related mortality, regardless of other simultaneous symptoms, tumor size, location, local
extent, or stage.13

Histologically, uveal melanomas are identi�ed as dome-shaped, mushroom-shaped or lobulated masses
of atypical melanocytes with varying degrees of pigmentation and vascularity.14–19 Typically, eyes that
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have been enucleated with uveal melanoma are examined by dedicated ophthalmic pathologists or by
pathologists with ophthalmic pathology as a special interest. While many studies have examined
histopathological and cytological �ndings in eyes with uveal melanoma that have undergone
enucleation, we are not aware that anyone has connected the three: Histological �ndings, patients’
reported symptoms and VA before removal of the eye.17,20−25

We therefore see an opportunity to examine the correlation between clinical, clinicopathological and
histopathological factors in a retrospective cohort with long follow-up time.

Results

Descriptive statistics
Of the 68 patients, 42 (62 %) were men and 26 (38 %) were women. The mean age at diagnosis was 63
years (SD 12). The mean tumor thickness was 7.7 mm (SD 3.4) and the mean diameter 13.8 mm (SD 5.0
mm). The mean BCVA of the tumor eye prior to enucleation was 0.80 (SD 0.70). Forty-nine patients (72 %)
had high BCVA (LogMAR <1.00) whereas 19 patients (28 %) had low BCVA.

Fifty-three patients (78 %) had deceased before the end of follow-up. Median follow-up for the 15
survivors was 16.6 years (SD 2.4, Table 1).
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Table 1
Characteristics of patients and tumors included in

this study. SD, standard deviation. BCVA, best
corrected visual acuity. AJCC American Joint

Committee on Cancer.
n 68

Mean age at diagnosis, years (SD) 63 (12)

Sex, n (%)  

Female 26 (38)

Male 42 (62)

Tumor eye laterality, n (%)  

Right 35 (51)

Left 33 (49)

Mean tumor thickness, mm (SD) 7.7 (3.4)

Mean tumor diameter, mm (SD) 13.8 (5.0)

BCVA, mean LogMar (SD) 0.80 (0.70)

BCVA, classi�cation  

High (LogMar <1.00), n (%) 49 (72 %)

Low (LogMar ≥ 1.00), n (%) 19 (28 %)

AJCC T-category, n (%)  

1 11 (16)

2 17 (25)

3 22 (32)

4 18 (27)

AJCC stage, n (%)  

I 7 (10)

IIA 20 (29)

IIB 15 (22)

IIIA 18 (26)

IIIB 8 (12)

IIIC 0
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n 68

IV 0

Median follow-up, years (SD) 16.6 (2.4)

Upon histological examination, sixty-one eyes (90%) had any degree of retinal detachment. Forty-four
eyes (65 %) had a serous exudate. Five tumors (7 %) penetrated Bruch’s membrane, 14 (21 %) in�ltrated
the ciliary body while 6 (9 %) and 3 (4 %) also in�ltrated the anterior chamber angle and the iris,
respectively (�gure 1).

Nine tumors (13 %) in�ltrated the optic nerve head, with all nine being limited to prelaminar invasion only
and none extending beyond lamina cribrosa. Six tumors (8 %) had necrotic areas. The mean diameter of
these necrotic areas was 3.6 mm (SD 2.5). Two patients (3 %) had extraocular tumor growth. The mean
diameter of the extraocular tumor growth was 3.6 mm (SD 3.5). Nine tumors (13 %) were heavily
pigmented (cell borders, cytoplasmic organelles and nuclei obscured), 22 (32 %) were composed of >90 %
epithelioid cells, 35 (51 %) of mixed cell types and 11 (16 %) of >90 % spindle cells (�gure 2). The mean
number of corneal endothelial cells per high power �eld (×400) was 5.6 (SD 3.5, Table 2).
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Table 2
Histopathological �ndings. SD, standard deviation

Histopathological �ndings

Retinal detachment, n (%) 61 (90)

Serous exudate, n (%) 44 (65)

Bruch’s membrane tumor penetration, n (%) 5 (7)

Optic nerve head in�ltrated by tumor, n (%) 9 (13)

Ciliary body in�ltrated by tumor, n (%) 14 (21)

Anterior chamber angle in�ltrated by tumor, n (%) 6 (9)

Iris in�ltrated by tumor, n (%) 3 (4)

Heavily pigmented tumor, n (%) 9 (13)

Tumor cell type, n (%)  

Epithelioid 22 (32)

Mixed 35 (51)

Spindle 11 (16)

Corneal endothelial cells/hpf, mean (SD) 5,6 (3,5)

Tumor necrosis, n (%) 6 (8)

Tumor necrosis, mean diameter (SD) 3.6 (2.6)

Extraocular extension, n (%) 2 (3)

Extraocular extension, mean diameter (SD) 3.6 (3.5)

Visual acuity versus patient age, tumor size, stage and
histopathological �ndings
Patients with low BCVA were not signi�cantly older at diagnosis (64 years, SD 8.1 versus 61 years, SD
13.4, Mann Whitney U p=0.27) but had tumors with signi�cantly greater apical tumor thickness (9.2 mm,
SD 3.8 versus 7.1 mm, SD 3.1, p=0.027) and basal diameter (16.4 mm, SD 5.0 versus 12.7 mm, SD 4.7,
p=0.012). Similarly, they had signi�cantly more advanced AJCC T category and stage (one-way ANOVA
p=0.009 and 0.014, respectively).

Contrarily, serous exudates (Pearson Chi-Square p=0.77), retinal detachments (Fisher’s exact p=0.31),
tumor in�ltration of the optic nerve head (p=1.0), extrascleral growth (p=1.0), tumor penetration of Bruch’s
membrane (p=0.62), tumor in�ltration of the ciliary body (p=0.74), tumor in�ltration of the anterior
chamber angle (p=1.0), tumor in�ltration of the iris (p=1.0), heavy tumor pigmentation (p=0.43),
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vasculogenic mimicry (p=0.14), tumor cell type (one-way ANOVA p=0.39), tumor distance to the optic disc
(Mann-Whitney U p=0.12), tumor distance to the macula (p=0.38) and the number of corneal endothelial
cells/hpf (p=0.76) were equally distributed between patients with high and low BCVA.

Patients with tumors that in�ltrated the ciliary body had a mean BCVA of 0.78 (SD 0.72), versus 0.82 for
patients without ciliary body in�ltration (SD 0.69, p=0.66). In all 5 cases where the tumor in�ltrated the
anterior chamber angle, the ciliary body was also in�ltrated. Patients with tumors that in�ltrated the
anterior chamber angle had a mean BCVA of 0.94 (SD 0.50), versus 0.78 for patients without anterior
chamber angle in�ltration (SD 0.73, p=0.50). Similarly, two of two patients with tumor in�ltration of the
iris also had in�ltration of the anterior chamber angle and ciliary body. These patients had a mean BCVA
of 1.25 (SD 0.64), versus 0.77 for patients without tumor in�ltration of the anterior chamber angle (SD
0.71, p=0.30). Patients with partially necrotic tumors had a mean BCVA of 0.58 (SD 0.78), which was not
signi�cantly better than patients without tumor necrosis at 0.82 (SD 0.72, p=0.45).

Visual acuity versus symptoms
Fifty-eight patients (85 %) reported a vision-related symptom (blurred vision/decreased VA, a shadow in
the VF, photopsia and/or �oaters, or metamorphopsia). One patient reported two symptoms. The mean
BCVA for the group that reported at least one vision-related symptom was signi�cantly better than the
group that did not report any symptoms (0.73, SD 0.70 and 1.3, SD 0.78, respectively, Mann-Whitney U
p=0.038).

Patients that experienced a shadow in the VF (n=18) had signi�cantly better BCVA than patients with no
shadow (0.38, SD 0.51 and 0.95, SD 0.73, respectively, p=0.002).

On the other hand, patients with PLVA (n=33) did not have lower BCVA than patients without PLVA (0.90,
SD 0.72 and 0.70, SD 0.72, respectively, p=0.15). Similarly, there were no signi�cant differences in BCVA
between patients that reported metamorphopsia (p=0.58) or photopsia and/or �oaters (p=0.67). No
patients reported ocular pain, or any other symptom.

Correlation matrix
Patient sex, BCVA, PLVA, other symptoms, tumor size and location parameters and histological �ndings
were entered into a correlation matrix. With Bonferroni correction, the signi�cance level was reduced to
0.002. Positive relations of note included that a shadow in the VF correlated with presence of
vasculogenic mimicry (ρ 0.753, p<0.001); retinal detachment correlated with greater tumor distance to the
macula (ρ 0.814, p<0.001) and that presence of necrotic areas in the tumor correlated with heavy
pigmentation (ρ 0.419, p<0.001). Conversely, PLVA correlated negatively with presence of vasculogenic
mimicry in the tumor (ρ -0.394, p=0.001). Again, BCVA did not correlate with PLVA (ρ 0.117, p=0.34,
supplementary table).

Survival



Page 8/21

Patients with tumors that in�ltrated the optic nerve head had signi�cantly shorter cumulative disease-
speci�c survival (Wilcoxon p=0.024, �gure 3a). Similarly, patients with tumors that consisted of >90 %
epithelioid tumor cells had worse prognosis than patients with a mix of epithelioid and spindle-like tumor
cells, which in turn had worse prognosis than patients with >90 % spindle-like tumor cells (Wilcoxon p for
trend <0.001, �gure 3b).

There were however no signi�cant survival differences between patients with high and low BCVA (p=0.50)
or between presence, absence of any other histological �nding or symptom. In a Cox regression model
with tumor thickness and diameter entered as covariates, in�ltration of the optic nerve head was
associated with increased hazard for uveal melanoma-related mortality (HR 3.6, 95 % CI 1.4 to 9.2,
p=0.007, �gure 4a). Similarly, tumor cell type was associated with uveal melanoma-related mortality
when adjusting for tumor thickness and diameter (HR 3.2, 95 % CI 1.8 to 5.6, p<0.001, �gure 4b).

Discussion
In this paper, we have examined correlations between VA, patients’ reported symptoms and
histopathological �ndings in eyes with uveal melanoma. Quite unexpectedly, patients that experienced
blurry vision or poor VA did not have signi�cantly lower BCVA upon examination by an optometrist or
ophthalmic nurse. The reason for this may be that patients with low BCVA or blindness are less likely to
become aware of new symptoms or further changes to VA, especially if the changes are gradual and less
pronounced. Patients with severely affected VA may also be more reliant on their healthy eye and less
likely to report symptoms from the tumor eye.

We found no association between retinal detachment and poor BCVA. One reason for this may be that
tumor-related retinal detachments are often peripheral and less likely to involve the central aspects of the
retina. Even though detection of a faint peripheral shadow may be more dependent on the extent of an
intact VF and the ability to discern luminance contrast, a certain degree of retained VA may be required to
be able to perceive a shadow at all. A previous study by Fili et al. found that those who presented with a
shadow in the VF had better BCVA, and tumors with grater thickness and larger diameters.13 This study
found the same results regarding the better BCVA for patients who presented with a shadow in the VF.

Further, the experience of a shadow in the VF correlated with presence of vasculogenic mimicry in the
tumor. The latter is a strong predictor of poor prognosis.26,27 The study by Fili et al. showed that the
experience of a shadow in the VF was a consistent predictor of uveal melanoma-related mortality
regardless of other simultaneous symptoms, tumor size, location, local extent, and stage.13 The reason
that the experience of a shadow predicts poor prognosis may therefore be that these patients more often
have tumors with vasculogenic mimicry. Based on the �ndings in these two studies, ocular oncologists
may include the perception of a shadow in the visual �eld in the initial assessments of a patient’s
prognosis. Admittedly, it is not as strong a factor as gene expression class or analysis of BAP1 status
and it is likely not suitable for a de�nite risk strati�cation. But it has the bene�t of being rapidly
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assessable without examination and by just asking the patient simple question: “Do you perceive a
shadow in your visual �eld?”

Other correlations of note include that low BCVA corresponds to larger tumors at a more advanced stage.
This was not unexpected, considering that a larger tumor will affect a larger proportion of the retina.
Patients with tumors that in�ltrated the optic nerve head had signi�cantly shorter cumulative disease-
speci�c survival and an increased hazard ratio for melanoma-related mortality even when adjusting for
tumor diameter and thickness. This con�rms the utility of optic nerve in�ltration as a marker for poor
prognosis, as previously reported by others.28,29

Limitations to this study include a relatively small retrospective sample without complete control over
confounding factors. We had no access to data on loss of chromosome 3 heterozygosity, BAP1
mutations, BAP-1 expression or gene expression signatures, which are among the strongest prognostic
factors in uveal melanoma.30,31 Further, our data did not include information about BCVA and the
presence of disease in the contralateral eye. This may have affected patients’ perceptions of symptoms
and VA, and thereby our results herein. In several of the continuous variable group-level comparisons, the
number of patients in speci�c groups was small, making results less generalizable. Only enucleated
specimens were included, and the �ndings are not necessarily applicable to tumors undergoing plaque
brachytherapy. However, we have no reasons to suspect that the examined correlations will be different in
smaller tumors, including the role of presenting symptoms as previously published in a large cohort of
patients treated with brachytherapy.13 Lastly, some of our measurements of histopathological
characteristics were somewhat arbitrarily chosen due to lack of precedence. Factors not investigated here
may be essential to VA in uveal melanoma.

Conclusions
Patients’ experience of low VA does not necessarily correspond to low BCVA. The latter correlated with
larger tumor dimensions and more advanced AJCC T category and stage. The experience of a shadow in
the VF correlated with the presence of vasculogenic mimicry in the tumor, which is a marker for poor
prognosis. Optic disc tumor in�ltration was con�rmed as a risk factor for uveal melanoma-related
mortality, even when adjusting for tumor size.

Methods
The study follows the tenets of the Declaration of Helsinki and the research group's internal data security
policy for personal data. Ethical permission was obtained from the Regional Ethics Review Board in
Stockholm (record number 2016/347-31/4) with a supplement from the Swedish Ethical Review Authority
(record number 2019-03485). According to the approved ethics application, the requirement for written
informed consent was waived because this was a retrospective study that does not affect treatment or
follow-up of the patients. Further, all patient data had been previously collected and no new clinical data
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collection was performed. No new tissues were collected, sectioned, stained or otherwise processed. The
data was pseudonymized when histological sections were reviewed and then anonymized.

The cohort consisted of para�n-embedded and formalin-�xed eyes that underwent primary enucleation
for uveal melanoma between the years 2000 and 2007 at St. Erik Eye Hospital, Stockholm, Sweden.
Inclusion criteria were: histologically proven melanoma originating from the choroid or ciliary body,
su�cient formalin-�xed para�n-embedded (FFPE) tissue for routine staining and correct representation
of tumor histopathology, availability of clinical pathological data including primary tumor largest basal
diameter and greatest tumor thickness. Exclusion criteria were: extensive tumor necrosis, hemorrhage or
in�ammation, heavily pigmented tumor affecting visual examination and suboptimal staining results,
determined by positive and negative internal and external controls.

Seventy-�ve eyes met the inclusion criteria, of which seven were excluded (n=6 no or too little tumor
tissue represented in section, n=1 the represented tumor was completely necrotic). Sixty-eight eyes
remained in the study. Retrospective information on gender, age at diagnosis, presenting symptoms, VA,
symptom duration before presentation, tumor thickness (measured with A- and B-scan ultrasonography)
and tumor diameter (measured in wide-�eld fundus photographs), American Joint Committee on Cancer
(AJCC) T category, stage (supplementary �gure) and date of diagnosis and �nal follow-up were obtained
from our treatment registry.32 Patients had been asked to describe their symptoms and their duration in
their own words. The ophthalmologist then recorded them as one or several of 1) blurred
vision/decreased VA, 2) shadow in the VF, 3) photopsia and/or �oaters, 4) metamorphopsia (con�rmed
with Amsler grid, if needed), 5) presence of ocular pain, or 6) other, including photophobia, diplopia and
reduced perception of color.

Tumor sections were retrieved from the archives of the St. Erik Ocular Pathology Laboratory. For
diagnostic purposes, these had previously been stained with hematoxylin and eosin, as well as periodic
acid-Schiff (PAS) without hematoxylin counterstain. One representative section from each eye was
digitally scanned at × 400 using Nano Zoomer 2.0 HT scanner (Hamamatsu Photonics K.K., Hamamatsu,
Japan) as described previously.33–35 The digitalization facilitated measurement of tumor dimension,
distance to the macula, the diameter of necrotic areas and similar. The digitalized slides were examined
by two authors (EA and GS).

Visual acuity
Best corrected visual acuity (BCVA): Each patient’s VA was measured according to a standardized
methodology one to three weeks prior to enucleation by an optometrist or ophthalmic nurse at the Ocular
Oncology Service, St. Erik Eye Hospital. A KM-chart in an illuminated light box was used and patients
tested at a distance of 3 m.36 The BCVA recorded was the smallest line at which �ve of �ve or six of
seven letters were correctly identi�ed after subjective refraction and corrected in a trial frame. Patients
could wear their own spectacles. All VA measurements reported refer to the tumor eye only (monocular)
and were initially recorded on the decimal scale after which they were LogMAR-converted.
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Low and high BCVA: The measured BCVAs were dichotomized for this study so that high BCVA was
de�ned as LogMAR <1.00 and low BCVA as LogMAR ≥ 1.00, following a previously used classi�cation.9

Perceived low VA (PLVA): If a patient described blurred vision, decreased VA, di�culties reading text or
similar when prompted to describe his/her symptoms, and this was not deemed to represent a shadow in
the VF, photopsia and/or �oaters, metamorphopsia, photophobia, diplopia and reduced perception of
color by the attending ophthalmologist, PLVA was recorded.

Vasculogenic mimicry
Patterns of microvascular loops and networks were assessed in a light microscope through a green
narrow band pass �lter according to the method described by Folberg et al.27 For statistical purposes,
tumors were categorized into two groups based on the presence or absence of patterns with the strongest
prognostic association: Extracellular networks, closed loops, arcs with branching, or any combination of
these.27,37,38 This de�nition replicates one of our previous publications, in which these patterns correlated
strongly to digitally measured density of Periodic acid-Schiff structures, loss of BAP-1 expression, gene
expression class 2 and short metastasis-free survival.26 Further, the prognostic signi�cance of the
presence of loops, networks and combined patterns have been veri�ed in several publications from other
laboratories.24,39,40

Statistical methods
Differences with a p<0.05 were considered signi�cant, all p-values being two-sided. Shapiro-Wilk tests
were used to evaluate the deviation of continuous variables from normal distribution. If the test was
signi�cant (p<0.05), the Mann Whitney U tests were used, otherwise Student’s t-test were used. In
comparisons of categorical variables, we used two-by-two contingency tables and Pearson chi-square
(χ2) tests (if all �elds had a sample of >5) or Fisher’s exact tests (if any �eld had a sample of <5). For
comparisons of three groups or more, we used one-way ANOVA. LogMAR-converted VA levels were used
throughout. VA levels less than 0.10, 20/200 or 1.00 (decimal scale, Snellen and LogMAR, respectively)
were translated into numerical values according to standards from the Swedish National Quality Registry
for Cataracts, in which counting �ngers at a distance of 4 m is recorded as 0.08 on the decimal scale,
hand movements as 0.04, perception and localization of light as 0.01 and amaurosis as 0. We built a
correlation matrix of all histological �ndings, symptoms and VA and applied Spearman rank-order
correlation statistics (ρ). As this involved a large number of tests without preplanned hypotheses which
will increase the risk for type I error, Bonferroni correction was applied.41 Lastly, the cumulative disease-
speci�c survival and Cox regression hazard ratios (HR) in relation to high and low BCVA, symptoms and
histological �ndings were calculated. All statistical analyses were performed using IBM SPSS statistics
version 27 (Armonk, NY).
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Figures

Figure 1

Examples of choroidal and ciliary body melanomas. A) A tumor in close proximity to but not touching the
optic disc. The mushroom or collar-button shape is a result of focal tumor penetration of Bruch’s
membrane. The location of Bruch’s membrane is indicated (dashed lines). A serous exudate is present
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under the detached retina (arrow). Remnants of an enlarged lens can be seen. B) A small dome-shaped
tumor touching the optic disc. This tumor is away from the central axis of the eye and may affect visual
acuity to a lower degree than a tumor under the macula. A small serous exudate is present near the
anterior tumor base (arrow). C) A large ciliary body melanoma with signi�cant in�ltration in the choroid,
heavier pigmentation, and exudative retinal detachment. C, Cornea. L, Lens. T, Tumor. ON, Optic nerve.
Scale bar: 10 mm.

Figure 2
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Examples of tumor cell types. A) A spindle cell tumors consist of >90 % spindle cells. In turn, spindle cells
may be further subclassi�ed as spindle cell type A and spindle cell type B. Spindle A cells have long,
tapering cigar-like nuclei, an absent or indistinct nucleolus, and a characteristic longitudinal stripe caused
by a fold in the nuclear membrane. Spindle B nuclei are oval and plumper and have less �nely dispersed
chromatin and a distinct nucleolus. In this study, no distinction was made between different types of
spindle cells. B) Mixed tumors consist of cells with both epithelioid (arrow) and spindle-like shape (star).
C) Epithelioid tumors consist of >90 % epithelioid cells with round, plump nuclei and distinct nucleoli.
Scale bars 100 µm.
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Figure 3

Survival analysis. A) Patients with prelaminar optic disc tumor in�ltration (red) had signi�cantly shorter
cumulative disease-speci�c survival than patients without disc in�ltration (green, Wilcoxon p=0.024). B)
Patients with tumors that consisted of >90 % epithelioid cells (red) had the shortest cumulative disease-
speci�c survival, followed by mixed cells (yellow) and >90 % spindle-like cells (green, Wilcoxon p for
trend<0.001). Colored areas represent 95 % CI.
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Figure 4

Multivariate Cox Regression analyses. A) Patients with prelaminar optic disc tumor in�ltration (red) had
signi�cantly greater cumulative Cox Regression hazard for melanoma-related mortality than patients
without optic disc in�ltration (green), adjusted for tumor thickness and diameter (HR 3.6, 95 % CI 1.4 to
9.2, p=0.007). B) Similarly, patients with tumors that consisted of >90 % epithelioid cells (red) had
signi�cantly greater cumulative Cox Regression hazard for melanoma-related mortality than patients with
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mixed cells (yellow) and >90 % spindle-like cells (green), adjusted for tumor thickness and diameter (HR
3.2, 95 % CI 1.8 to 5.6, p<0.001).

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementary�gure.pdf

Supplementarytable.pdf

https://assets.researchsquare.com/files/rs-952903/v1/43003f7afca865068fd359f2.pdf
https://assets.researchsquare.com/files/rs-952903/v1/402645407bddda58a2c12a2d.pdf

