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Abstract

Calciphylaxis is a highly fatal disease that is seen through vascular calcification and skin
necrosis, most often seen in dialysis patients. Despite the severity, the mechanisms underlying
this field remain unclear. In this study, we examined and reported cases to evaluate the
correlations between inflammatory and metabolic markers with patient outcomes. A strong
positive correlation was observed between the C-reactive protein and calcium levels. Thus
suggesting that systemic inflammation may promote disordered vascular calcification.

On the other hand, C-reactive protein showed us that there was a negative correlation with
phosphate, surprisingly, likely due to the small sample size and data variability. The positive
associations with the white blood cells, along with albumin and wound healing results, revealed
that the preserved immune function and nutritional status were all linked to improving healing
and survival. The findings in all of these highlight the interplay between inflammation and
metabolic imbalance with the patient’s overall health in calciphylaxis. Although the analysis is
limited to the reliance on these case reports, the results emphasize that we would need larger
studies integrating the inflammatory and nutritional markers. These effects can guide the
development of therapies and improve the prognosis of patients with calciphylaxis.

Introduction

Calciphylaxis, otherwise known as calcific uremic arteriolopathy, is a rare yet debilitating
condition associated with advanced renal disease, with an annual incidence rate of 35 in every
10,000 patients '. While the condition, presenting as vascular calcification leading to potentially
life-threatening ulcerative skin lesions ', is most often associated with patients with end-stage
renal disease receiving dialysis, a subset of patients present with nonuremic calciphylaxis
(NUC) where there is no underlying renal issues '. While the exact cause of calciphylaxis
remains unknown, the presence of sparse but detailed case studies allows for the identification
of putative biomarkers that can predict outcomes associated with calciphylaxis.

Given the rarity of this condition in human populations, along with sparse animal models of the
disease 2, identification of clinical phenotypes and biomarkers is critical to the characterization of
the pathophysiology of the condition as well as potential treatments/interventions. However, to
date, most clinical research in this domain occurs in single case reports or meta-analyses. This
makes it difficult to identify the risk factors and the patient's outcomes for broader clinical
populations. However, careful analysis of these clinical reports makes it possible to uncover
some patterns that point to the biological processes and the disease progression/outcomes.

The main aim of this project was to review patient data and perform an analysis on all of the key
clinical biomarkers. By analyzing the correlations between inflammation, mineral metabolism,
wound healing, and mortality, this study highlights the variables that may be biologically
significant. These findings could provide a starting point for future research and may even help
clinicians improve the diagnosis and monitoring of calciphylaxis.
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Specifically, here | report on published patient data and perform statistical analysis of key clinical
and laboratory markers. By examining correlations between inflammation, mineral metabolism,
wound healing, and mortality, this study identified putative clinical biomarkers for monitoring the
progression of calciphylaxis. These findings could provide starting points for future research and
may eventually help clinicians improve the diagnosis, monitoring, and management of
calciphylaxis.

Methods

Data was gathered through many different literature reviews of published cases and clinical
studies regarding patients with calciphylaxis. All of these publications were reviewed to note
down each person’s clinical variables relevant to disease presentation and outcomes. The
variables included patient age, sex, wound healing statuses, intact parathyroid hormone
(pg/mL), serum calcium and phosphate (mg/dL), white blood cell count ( uL), C-reactive protein
(mg/dL), left and right ankle-brachial index, and serum albumin (g/dL).

Once collected, the data were entered into a spreadsheet where each row represented a single
case or patient report, and each column corresponded to a specific clinical variable. Entries with
missing data were left as 'Na' (not applicable) to allow for statistical processing while
maintaining the integrity of the reported values.

After it was collected, the data were entered into a spreadsheet, and each row represented a
single case report, while each column corresponded to each clinical variable. The entries with
missing data were left as 'Na' (not applicable) to maintain the integrity of the reported values.

Statistical analysis was conducted through the Python library Pandas, which helped with data
cleaning and organization. Pearson correlation coefficients were calculated for them and were
there to help identify the relationships among all of them. This correlation quantified the strength
and direction of relationships between two variables. +1 correlation indicates a perfect positive
relationship, while -1 represents a perfect negative relationship, and 0 implies no correlation. By
analyzing these correlations, the goal was to identify all of the markers that may be either
biologically or clinically associated with all of wound healing and mortality.

Results

The correlation analysis revealed that there were several strong associations with the clinical
and laboratory variables in patients with caliphylaxis. The C-reactive protein and calcium
illustrated almost perfect positive correlation, it being around +0.99. This reveals that a systemic
inflammation increase, calcium levels rise at the same time, while also potentially revealing
underlying metabolic dysregulation. At the same time, while blood cell count and albumin
showed a somewhat strong positive relationship, it was +0.66. This indicates that the patients
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with stronger immune responses also exhibit better nutritional or hepatic status. White blood cell
count was also positively associated with wound healing, demonstrating that immune activation
may support tissue recovery.

On the other hand, a lot of negative correlations were seen. C-reactive protein and phosphate
were inversely related to the coefficient close to -1.00. Thus illustrating that there might be
inflammation that is suppressing the phosphate levels. Wound healing nd mortality were also
inversely correlated with a coefficient of around -0.71, suggesting that poor healing is linked to
higher death rates. On top of that, white blood cell count and phosphate showed a negative
trend, further emphasizing the hypothesis that increased immune activity can be accompanied
by lower phosphate levels.

Other variable pairs demonstrated weak or negligible correlations. For example, calcium and
white blood cell count had a very weak positive relationship, with a correlation of +0.11,
suggesting little to no association between these two variables in the context of calciphylaxis.
Overall, these results suggest that inflammation and metabolic status may be tightly linked in
calciphylaxis, with specific markers such as CRP, calcium, phosphate, and albumin providing
insight into patient prognosis. While correlation does not imply causation, the strength and
direction of these associations offer valuable starting points for hypothesis generation and future
mechanistic studies.

Discussion:

The results of the project suggest that calciphylaxis is tied to both the inflammation and
metabolic imbalance within the body. The nearly perfect positive correlation of C-reactive protein
(CRP) and calcium levels indicates that inflammation may be the reason for abnormal mineral
metabolism in affected patients 3. This finding is a good idea that inflammation can affect
calcium handling and cause vascular calcification *. On the other hand, the strong negative
relationship between the CRP and phosphate levels was unexpected. This would be due to the
limitations in the small number of reported cases.

Another important observation was that the positive associations between the white blood cell
and albumin were, same as between the white blood cell and wound healing. This may reveal
that patients with better immune response and better nutritional status are more likely to heal, as
compared to ones with poor healing have a high risk of mortality, as illustrated in the correlations
between healing and survival °. The albumin’s role as a nutritional and liver function marker
further supports the idea that overall patient health strongly influences calciphylaxis outcomes °.

While all of the correlations provide valuable insights, it is good to note that correlation does not
equal causation. The data was drawn from case reports along with incomplete values, and the
sample size limits the ability to the accuracy of these findings. Still, identifying strong, consistent
patterns across variables highlights the potential biomarkers that are worthy of further study.
Future work could use larger patient datasets and mechanistic studies to test whether
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inflammation directly drives the metabolic changes observed in calciphylaxis ’. If confirmed,
targeting both the inflammation and mineral imbalance can improve the outcomes of this deadly
condition.

Correlation Matrix of Numerical Columns
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Figure 1. Correlation matrix of numerical variables.

This heatmap illustrates the pairwise Pearson correlation between clinical parameters,
biochemical markers, and outcome indicators regarding calciphylaxis. All of the positive
correlations would be in red while all the negatives would be in blue, with the intensity of the
color reflecting the magnitude of the correlation. Strong positive correlations were seen between
C-reactive proteins and serum calcium levels (r=0.99). Also seen with C-reactive protein and
mortality (r = 0.39). On the other hand, phosphate showed a strong negative correlation with
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C-reactive protein (r = —1.00) and white blood cell counts (r = —0.85). These associations and
correlations highlight the intricate interplay between systemic inflammation and clinical
outcomes, underscoring the potential relevance in the progression of calciphylaxis.

Citation Website: Age(years) Gender Wound Healing | Mortality {0 = no intact parathyroi calcium (mg/dL) phosphate (mg/t White Blood Cel C-reactive protei ankle-brachial in ankle-brachial in Albumin (g/dL)
Mfiura et al. hiips pme nchi 52 F 0 1 1,250 10 4 64 13,200 1277 113 094 NA
Ozdemir et al.  hitps:'ome nebi 44 M 100 0 1431 9.2 6.8 NA Ma Ma Na 39
Kurultak et al.  hiips #furkinephi 32 M 100 0 14873 94 78 17100 1.87 Ma Na 38
Celik et al 2 Mm 100 0 Ma 102 24 na Na MNa Na 42
Aihara et al. B1F 100 0 345 51 786 14960 Ma Ma NA 13
Yuetal 60 M 100 0 Na 287 302 Na Ha Ma Na HA
Tamayo-Isla et a hitps /i 32F 100 0 na 929 na na na na na 37
Sarkis et al. hitps:/ipmec. nebi 54 M 100 100 94 na na na na na na na
95t

eh ef al. hiips-/fink sprinc MF 100 0 532 10.6 50074 na na na na na
Tindni et al. hitps:iflink soring 60 F [ 100 2138 104 8 13100 na na na 22
Sprague et al  hitps.//pmc nchi. 54 M 100 100 560 8.8 51na na na na 32
Gallimore et al.  hitps pmc ncbi. T4 F 100 100 na 9 48 na na na na na
Denzetal i 0 46 M 100 0 330 221 1.4 8.5=10%9 na na na na
Seferi ef al h " 48 M L] 100 623 1510175 48 284.4 na na 25
Kumar et al hitps-lfjounals s 3M 100 0 633 88 11.8 na na na na na
Checherita et al. hilps /. rese 67 F 0 100 150-300 8.4-95 35-55 na 96 na na 39
Van Rijssen et a hitps/fpdf_scienc 55 F 100 0 1045.95 na na na na na na na
Lo Monte et al. hiips://biomed p 60 F 100 0 na 91 5.2 na na na na na
Lietal Hnny 63 M 100 0 na 237 21-25 na na na na 25
Shiell et al. 74 F [ 100 na 21 187 na na na na na
Scola st al 60 F 100 0 1272 15 6.58 na na na na na
Miceli et al 59 F 100 100 2280 124 48 na 27.55 na na 2.6

44 F 100 0 1,770 T4 71 na na na na 35

686 F 100 0 216 90t0 104 291037 na na na na na
Conde Rivera st 55 M 100 [} 537 101 45 na na na na 22
Castro et al 44 F 100 0 1770 74 71 na na na na 35
Cadavid et al. 66 F 100 0 216 9-10.4 291037 na na na na na
Bruccelli et al 78 F 100 0 620 483 483 na na na na na
Khalpey et al 43 M 100 0 3615 858 na na na na 31
Dong et al 56 F 100 0 737 a7 84 na na na na na
Shaheen et al. 44 F 100 0 754 85 5.5 17,800 na na na na
Sanchez et al 66 F [ 100 653 88 6.6 na na na na na
Higgliazo et al. 1/ 68 F L] 100 1300 na na na na na na na
Musso et al hitps:/fournals.h 67 F 100 0 1440 9 8 na na na na na
Maroulis et al.  hitps:/wway.hom 43 M 100 0 14725 235 14220 na na na na
Oikawa etal.  hiips:/journals.s 56 M [ 100 na 93 [} 12,300 na na na
Dean et al hiips-#journals.s 86 F 100 100 913 109 74 na na na na 33

Figure 2. Clinical and biochemical characteristics of patients with suspected or confirmed
calciphylaxis reported in the literature.

The table summarizes the clinical and laboratory data from published case reports. Variables
include patient age, gender, wound healing outcomes, mortality status, intact parathyroid
hormone, calcium, phosphate, white blood cell counts, C-reactive protein levels, ankle—brachial
indices, and serum albumin. The variability was observed across many reports regarding entries
of missing ranges, reflecting the heterogeneity in data collection. Many of these patients
experienced elevated parathyroid hormone levels and abnormalities in the calcium-phosphate
metabolism. Inflammatory markers such as the C-reactive protein and white blood cells were
often elevated. These data provided a foundation for identifying all of the potential clinical and
biochemical patterns of calciphylaxis’s progression.
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3/3 85 35ms/step - accuracy: 1.8888 - loss: -2116.5484 - wal accuracy: 8.8333 - val_leoss: -117.6117
Epoch 1347158
3/3 es 4gms/step - accuracy: 1.e8e82 - loss: -1775.5823 - wal_accuracy: 8.8332 - wal_less: -121.2884
Epoch 135/158
3/3 8s 34ms/step - accuracy: 1.88@8 - loss: -1854.4688 - wal_accuracy: 8.8333 - wval_leoss: -123.3249
Epoch 136/158
3/3 Bs 37ms/step - accuracy: 1.ee22 - loss: -19@5.8832 - val_accuracy: @.8333 - val_loss: -123.8872
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3/3 @s 28ms/step - accuracy: 1.e882 - loss: -2155.5582 - wval_sccuracy: 8.82332 - wal_less: -125.2173
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Epoch 135/158
3/3 @s 38ms/step - accuracy: 1.8088 - loss: -1933.7924 - wval _accuracy: 8.8333 - val_loss: -129.3887
Epoch 1487158
3/3 @s 39ms/step - accuracy: 1.8928 - loss: -2826.5847 - val_accuracy: @.8333 - val_loss: -131.2178
Epoch 1417158
3/3 85 3ems/step - accuracy: 1.e@e@e - loss: -1836.2827 - val_accuracy: 8.8333 - val_loss: -134.8634
Epoch 142/158
3/3 os 4ems/step - accuracy: 1.8088 - loss: -2242.4258 - wal _accuracy: 8.8333 - val_loss: -134.7759
Epoch 1437158
3/3 85 35ms/step - accuracy: 1.8888 - loss: -2172.8264 - val_accuracy: 8.8333 - val_loss: -1356.9354
Epoch 1447158
3/3 @s 3ems/step - accuracy: 1.88@2 - loss: -2116.1258 - wal_accuracy: @.8332 - val_less: -135.2732
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3/3 Bs 3gms/step - accuracy: 1.ee2@ - loss: -2152.8825 - val_accuracy: €.8333 - val_loss: -142.5@68
Epoch 148/158
3/3 85 37ms/step - accuracy: 1.8888 - loss: -2243.2747 - val_accuracy: 8.8333 - val_loss: -141.1838
Epoch 1477158
3/3 @s 3ems/step - accuracy: 1.88@2 - loss: -2418.1658 - wal_accuracy: @.8332 - val_less: -141.7852
Epoch 1487158
3/3 @s 38ms/step - accuracy: 1.88@8 - loss: -2341.2693 - wal _accuracy: 8.8333 - wval_loss: -145.5319
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3/3 Bs 38ms/step - accuracy: 1.ee22 - loss: -2454.7949 - val_accuracy: @.8333 - val_loss: -158.81e1
Epoch 1587158
3/3 85 4ms/step - accuracy: 1.8882 - loss: -2458.7%88 - wval_sccuracy: 8.83232 - wal_less: -158.4848

Figure 3. Training history of the deep learning model for calciphylaxis outcome prediction.

The figure displays training and validation metrics across epochs during model development.
Model accuracy rapidly converged to 1.000 on the training set, while validation accuracy
plateaued at 0.8333, suggesting potential overfitting. Training loss continued to decrease to
large negative values, whereas validation loss remained relatively stable, indicating that the
model fit the training data exceptionally well but generalized less effectively to unseen data.
These results highlight the importance of further model optimization, such as regularization or
cross-validation, to improve predictive robustness in the context of calciphylaxis risk
stratification.
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Figure 4. Pairwise correlation coefficients between clinical and biochemical variables in patients
with calciphylaxis.

The table presents the Pearson correlation values that illustrate the values among clinical trials.
A strong negative correlations were observed between mortality and wound healing (r=-0.71)
and between age and white blood cell counts (r=-0.73). At the same time, calcium levels were
positively correlated with C-reactive protein (r= 0.99), whereas phosphate was inversely
correlated with both C-reactive protein (-0.99) and white blood cells (r=-0.85). There is,
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however, missing data for the ankle—brachial index values limited correlation for those variables.
The findings highlight the potential mechanistic links with the mineral metabolism and clinical
outcomes of calciphylaxis.
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