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Parathyroid hormone-related protein-mediated hypercalcemia of
malignancy: insights from a multicenter clinical data warehouse
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Background/Aims: Parathyroid hormone-related protein (PTHrP) is a major mediator of hypercalcemia in patients with ma-
lignancy; however, understanding of PTHrP-mediated hypercalcemia remains limited because available evidence has largely

Copyright © 2026 The Korean Association of Internal Medicine pISSN 1226-3303

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which elSSN 2005-6648
permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited. ht‘[p JIWww. kj im.org


http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2026.092&domain=pdf&date_stamp=

The Korean Journal of Internal Medicine Vol. 41, No. 5, September 2026

KJIM™

been derived from small case series.

Methods: We retrospectively analyzed electronic medical records from eight hospitals affiliated with The Catholic University
of Korea. Adult patients (> 20 years) with confirmed malignancy and albumin-corrected hypercalcemia (> 10.5 mg/dL) be-
tween 2013 and 2022 were identified and classified as having PTHrP-mediated hypercalcemia (PTHrP > 1.1 pmol/L) or hyper-
calcemia due to other causes (PTHrP < 1.1 pmol/L).

Results: Among the 289 patients reported to have PTHrP-mediated hypercalcemia, median age was 66 years (interquartile
range [IQR], 59-75) and median plasma PTHrP level was 6.1 pmol/L (IQR, 3.5-11.5). Solid tumors accounted for 86% of cas-
es, while hematologic malignancies accounted for the other 14%. The most common cancer types were lung cancer (30%,
n = 87), head and neck cancer (11%, n = 31), and multiple myeloma (8%, n = 24). Median survival after the onset of hyper-
calcemia was 46 days (95% confidence interval [Cl], 36-61) in patients with PTHrP-mediated hypercalcemia. Compared with
the 169 patients with hypercalcemia due to other causes, PTHrP-mediated hypercalcemia was associated with a higher risk
of mortality after adjustment for age, corrected calcium level, and cancer type (adjusted hazard ratio, 4.0; 95% Cl, 2.9-5.4).
Conclusions: PTHrP-mediated hypercalcemia occurs across a broad spectrum of malignancies and is associated with worse
clinical outcomes.

Keywords: Electronic health records; Hypercalcemia; Parathyroid hormone-related protein; Neoplasms; Paraneoplastic

syndromes

INTRODUCTION

Hypercalcemia is among the most common metabolic com-
plications of malignancy, occurring in approximately 3-30%
of patients with cancer during the course of their disease
[1,2]. Parathyroid hormone-related protein (PTHrP) was first
suggested as a mediator of humoral hypercalcemia of ma-
lignancy in 1941 based on a case of squamous cell carcino-
ma of the lung [3]. Measurement of PTHrP became feasible
after its molecular characterization in 1987 [4].

PTHrP comprises a family of protein isoforms ranging from
60 to 173 amino acids, sharing an N-terminal sequence and
biological activity similar to that of parathyroid hormone
(PTH) [5]. PTHrP acts on the same target organ receptors as
PTH and induces hypercalcemia by enhancing bone resorp-
tion and renal tubular calcium reabsorption [6]. Currently,
PTHrP is considered responsible for more than 80% of cases
of cancer-related hypercalcemia [7].

Unlike PTH, which is produced exclusively in the parathy-
roid glands, PTHrP is widely expressed in normal tissues, in-
cluding bone, stomach, pancreas, cardiovascular and renal
systems, lung, and mammary gland [8]. Therefore, in malig-
nancy, elevated PTHrP levels are thought to be closely relat-
ed to the growth of the primary tumor and metastatic pro-
gression. This study aimed to clarify the clinical features of
PTHrP-mediated hypercalcemia in patients with malignancy.
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METHODS

Data source

The data source for this study was a data platform for re-
search purposes created based on electronic medical records
from eight hospitals affiliated with the Catholic University of
Korea. Through screening of laboratory results obtained be-
tween 2013 and 2022, cancer patients aged > 20 years who
underwent PTHrP measurement were identified. Among
these, patients with elevated albumin-corrected serum cal-
cium (= 10.5 mg/dL) were included in the analytic cohort
and subsequently classified into the PTHrP-mediated hyper-
calcemia group (PTHrP > 1.1 pmol/L) or the other causes
group (PTHrP < 1.1 pmol/L) (Fig. 1). The study protocol was
reviewed and approved by the Institutional Review Board of
Yeouido St. Mary's Hospital (IRB No. SC24WIDEQO11).

Laboratory assays
Serum PTHrP levels were measured at a central laboratory
using a two-site immunoradiometric assay (Mitsubishi Kaga-
ku latron Inc., Tokyo, Japan). This assay targets both the
N-terminal and C-terminal regions of PTHrP and is capable
of detecting multiple isoforms, including PTHrP (1-87), (1-
95), (1-108), and (1-141). Importantly, the assay has been
reported not to cross-react with serum PTH.

Serum PTH and creatinine levels were obtained from
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Figure 1. Study design and patient selection. (A) Schematic illustration of the Catholic Medical Center (CMC) Clinical Data Warehouse
(CDW), a nationwide academic hospital network integrating data from eight affiliated hospitals. (B) Flow diagram of patient selection for

the study. PTHrP, parathyroid hormone-related protein.

measurements performed at our institution. Estimated glo-
merular filtration rate (eGFR) was calculated using the 2021
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) creatinine equation incorporating age and sex. Chronic
kidney disease (CKD) was defined as stage 4-5 CKD (eGFR <
30 ml/min/1.73 m2) or ongoing renal replacement therapy.

Statistical analysis

Continuous variables are presented as medians [interquar-
tile range], and categorical variables as numbers (%). Com-
parisons between groups were performed using the Mann—
Whitney U- test for non-normally distributed continuous
variables and the chi-square test or Fisher's exact test for
categorical variables, as appropriate. To evaluate progno-
sis, survival analyses were performed using Kaplan—Meier
curves and Cox proportional hazards regression. Statistical
analyses were performed with R version 4.3.1 program (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Baseline characteristics

PTHrP-mediated hypercalcemia accounted for 63%
(289/458) of all cases of hypercalcemia in patients with ma-
lignancy. Median age was 66 years in both the PTHrP-medi-
ated and other causes cohorts. In patients with PTHrP-me-
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diated hypercalcemia, median PTHrP level was 6.1 pmol/L
(interquartile range, 3.5-11.5) and did not differ signifi-
cantly according to renal function (non-CKD: 6.1 [3.8-11.4]
pmol/L; CKD: 4.9 [1.8-18.8] pmol/L; p = 0.248). Patients
with PTHrP-mediated hypercalcemia had significantly higher
calcium levels and lower phosphorus levels than those with
hypercalcemia due to other causes, while this latter group
had higher PTH levels and poorer renal function (Table 1).
There were several patients in the other causes group with
preserved kidney function who showed markedly elevated
PTH levels (> 1.5-fold above the upper reference limit), and
this finding was not limited to the two cases of parathyroid
cancer (Supplementary Table 1).

Cancer type distribution

Among the 289 patients with PTHrP-mediated hypercalce-
mia, 86% (n = 248) had solid cancers and 14% (n = 41)
had hematologic malignancies. The most common cancer
types were lung cancer (30%, n = 87), head and neck can-
cer (11%, n = 31), and multiple myeloma (8%, n = 24).
In the other causes hypercalcemia group, the proportion of
hematologic malignancies was higher, accounting for 39%
of cases (Table 2).

Survival analysis

In the PTHrP-mediated hypercalcemia group, 211 of 289
patients died, with a median survival of 46 days (95% con-
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Table 1. Baseline characteristics of the study population

PTHrP-mediated

Other causes

Variables (n = 289) (n = 169) p value Reference
Age (yr) 66 [59-75] 66 [55-75] 0.241 -
Sex (male) 207 (71.6) 85 (50.3) < 0.001 -
CKD? 31(10.7) 37 (21.9) 0.002 -
Calcium (mg/dL) 11.8 [11.0-13.0] 11.2 [10.7-12.1] <0.001 8.6-10.2
Corrected calcium (mg/dL)® 12.5[11.7-13.9] 11.9[11.0-12.9] <0.001
Albumin (g/dL) 3.0[2.7-3.4] 3.4[2.9-4.2] <0.001 3.5-5.2
Phosphorous (mg/dL)” 2.5-45
Total cohort 2.8[2.3-3.5] 3.5[2.9-4.4] < 0.001
Non-CKD 2.7[2.2-3.3] 3.4[2.8-4.0] < 0.001
CKD 4.8[4.0-5.7] 4.2([3.4-49] 0.052
PTH (pg/mL)” 15-65
Total cohort 4.5[2.5-7.5] 14.4 [5.2-50.0] < 0.001
Non-CKD 4.10 [2.50-6.97] 16.40 [5.20-50.90] <0.001
CKD 6.50 [4.70-12.15] 9.0 [4.6-49.0] 0.145
25(0H)D (ng/mL)? 14.8 [8.9-23.2] 19.5[11.6-29.4] 0.001 > 30
PTHrP (pmol/L) 6.1[3.5-11.5] - - <11

Data are presented as median [interquartile range] for continuous variables and number (percentage) for categorical variables.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; 25(0OH)D, 25-hydroxyvitamin D;
PTHrP, parathyroid hormone-related protein; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.

ACKD defined as stage 4-5 (€GFR < 30 mL/min/1.73 m2) or ongoing renal replacement therapy; eGFR was estimated using the

2021 CKD-EPI creatinine equation.

b)Calculated using the formula: total calcium + 0.8 x (4.0 — serum albumin [g/dL]).
9Missing data were as follows: in the study group, PTH (n = 4), 25(OH)D (n = 77), and phosphorus (n = 2); in the comparator
group, PTH (n = 24), 25(0OH)D (n = 57), and phosphorus (n = 3). Missing values were treated as missing in the statistical analyses,

and no imputation was performed.

fidence interval [Cl], 36-61), whereas median survival was
not reached in the other causes group (log-rank p < 0.001;
Fig. 2). In sequential Cox regression analyses, elevated PTHrP
was consistently associated with increased mortality across
all models. After adjustment for age, albumin-corrected
serum calcium, and cancer type, elevated PTHrP remained
an independent predictor of death (Table 3). Within the
PTHrP-mediated hypercalcemia group, age, serum PTHrP
level, corrected serum calcium level, and cancer type were
all associated with survival (Fig. 3).

DISCUSSION

PTHrP-mediated hypercalcemia is now a well-recognized
complication of malignancy; however, PTHrP exists in mul-
tiple isoforms, and the biological and clinical significance of

910  www.kjim.org

these isoforms have not been fully elucidated [9]. To our
knowledge, this case series represents the largest cohort
reported to date of patients with PTHrP-mediated hyper-
calcemia. Furthermore, by demonstrating significant asso-
ciations between serum calcium, PTHrP levels, and survival
duration—relationships that were not clearly established in
prior small-scale studies—our findings provide more robust
evidence linking PTHrP activity to disease progression and
prognosis in malignancy.

PTHrP exerts biological effects similar to those of PTH
through activation of the PTH1 receptor, leading to in-
creased bone resorption and renal calcium reabsorption,
along with enhanced renal phosphate excretion, ultimate-
ly resulting in hypercalcemia and hypophosphatemia [10].
Measurement of PTHrP is not routinely available using stan-
dard laboratory assays, and even in tertiary referral centers
in Korea, PTHrP testing is often outsourced to specialized
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Table 2. Distribution of cancer types

PTHrP- Other
Type of malignancy mediated causes
(n=289 (h=169)
Solid malignancy 248 (85.8) 103 (60.9)
Lung cancer 87 (30.1) 18 (10.7)
Squamous 69 (23.9) 9(5.3)
Adeno 11 (3.8) 5(3.0)
Small cell 5(1.7) 3(1.8)
Others 2(0.7) 1(0.6)
Head and neck cancer 31(10.7) 9(5.3)
Esophageal cancer 21(7.3) 4(2.4)
Gallbladder and cholangiocarcinoma 19 (6.6) 5(3.0)
Liver cancer 17 (5.9) 10 (5.9)
Pancreatic cancer 12 (4.2) 4(2.4)
Kidney cancer 12 (4.2) 4(2.4)
Breast cancer 12 (4.2) 9(5.3)
Bladder and urothelial cancer 10 (3.5) 5(3.0)
Cervical cancer 5(01.7) -
Colorectal cancer 5(1.7) 12 (7.1)
Ovary cancer 4(1.4) -
Gastric cancer 4(1.4) (2.4)
Perineal cancer (vulva/penis) 2(0.7) 1(0.6
Endometrial cancer 2(0.7) -
Thyroid cancer 2(0.7) (3.6)
Prostate cancer 1(0.3) 6 (3.6
Sarcoma 1(0.3) -
Skin cancer 1(0.3) 2(1.2)
Parathyroid cancer - 2(1.2)
Adrenocortical carcinoma - 1(0.6)
Appendiceal cancer 1(0.6)
Hematologic malignancy 41 (14.2) 66 (39.1)
Multiple myeloma 24 (8.3) 15 (8.9)
Lymphoma 15 (5.2) 28 (16.6)
Leukemia 2(0.7) 17 (10.1)
Others - 6(3.6)

Values are presented as number (%).

laboratories in Japan. Therefore, in patients with hypercal-
cemia who exhibit normal or decreased serum phosphate
levels in the presence of suppressed or inappropriately low
PTH concentrations, PTHrP-mediated hypercalcemia should
be considered.

However, interpretation of serum phosphate levels re-
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Figure 2. Survival curves stratified by etiology of hypercalcemia.
Kaplan—Meier survival curves stratified by parathyroid hormone-
related protein (PTHrP) status (PTHrP-mediated vs. other causes).
Survival differences were assessed using the log-rank test. Pa-
tients with PTHrP-mediated hypercalcemia had shorter survival
than those with other causes (median survival: 46 days [95%
confidence interval, 36-61], whereas median survival was not
reached in the other group; log-rank p < 0.001).

Table 3. Association of elevated PTHrP with mortality in
patients with hypercalcemia of malignancy

Hazard ratio

(95% confidence interval) prEle
Crude 4.6 (3.4-6.1) < 0.001
Model 1 45 (3.3-6.1) < 0.001
Model 2 4.1(3.1-5.6) <0.001
Model 3 4.0(2.9-5.4) < 0.001

Models were adjusted as follows: Model 1 included age and
cancer type; Model 2 included age and albumin-corrected
serum calcium; Model 3 included age, albumin-corrected
serum calcium, and cancer type. Cancer type was categorized
as solid malignancy with hematologic malignancy as the
reference. Hazard ratios represent the risk of death in patients
with elevated parathyroid hormone-related protein (PTHrP)
compared to those without elevation.

quires caution, as the phosphaturic effect of PTHrP may
be attenuated in patients with impaired renal function. Al-
though phosphorus levels showed a low-normal pattern in
the overall PTHrP-mediated hypercalcemia group, this pat-
tern was not evident in patients with impaired renal func-
tion, in whom phosphorus levels were within or above the
reference range (Table 1). Interpretation of absolute PTHrP
levels may also be more challenging in patients with im-
paired renal function, as C-terminal PTHrP can be falsely ele-

www.Kkjim.org 911


www.kjim.org

KJIM™

Multivariable Cox regression

Variable HR (95% Cl) p value
Age » 1.01 (1.00-1.03) 0.030
PTHIP ® 1.02 (1.00-1.03)  0.006

Serum calcium | —e— 1.13(1.03-1.24)  0.007

1.00 (0.99-1.00)  0.829

Renal function &

Cancer type | —————o——————— 1.62 (1.05-2.48)  0.028
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Hazard ratio

Figure 3. Multivariable Cox regression analysis in patients with
parathyroid hormone-related protein (PTHrP)-mediated hypercal-
cemia (n = 289). Hazard ratios (HRs) and 95% confidence intervals
(Cls) were estimated using a multivariable Cox proportional haz-
ards model including age, PTHrP (plasma parathyroid hormone—
related protein level), serum calcium (albumin-corrected serum
calcium), and renal function (estimated glomerular filtration rate)
as continuous variables, and cancer type (solid vs. hematologic
malignancy, with hematologic malignancy as the reference) as a
categorical variable.

vated in patients with CKD [11]. The assay used in the pres-
ent study detects both C-terminal and N-terminal regions.
In our cohort, PTHrP levels did not differ significantly be-
tween patients with and without CKD, and the proportion
of patients with CKD tended to be higher in the comparator
group without elevated PTHrP. These findings suggest that
the assay used in this study was not substantially influenced
by renal function.

Tumor cells can upregulate PTHrP expression through
multiple mechanisms related to malignant transformation
and tumor progression. Activation of oncogenic signaling
pathways, including rat sarcoma virus-mitogen-activated
protein kinase (RAS-MAPK), transforming growth factor-be-
ta (TGF-B), and Hedgehog pathways, has been shown to
directly enhance PTHrP transcription in various cancer types
[12]. Hypoxic conditions—an established hallmark of ag-
gressive and invasive tumors—also induce PTHrP expression
via hypoxia-inducible factor (HIF}-dependent pathways [13].
Tumors with bone metastases, or those interacting close-
ly with the bone microenvironment, may further amplify
PTHrP production through reciprocal signaling between tu-
mor cells and osteoblast-lineage cells [14]. Moreover, unlike
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physiological PTH, tumor-derived PTHrP acts locally without
regulation by systemic endocrine feedback loops. In other
words, PTHrP functions in autocrine and paracrine manners,
promoting tumor cell survival, proliferation, and invasion
[15]. Taken together, this dysregulated local overproduction
of PTHrP is thought to contribute to tumor progression and
the development of humoral hypercalcemia of malignancy.

In addition, the relatively frequent occurrence of PTHrP-
mediated paraneoplastic syndromes in lung squamous cell
carcinoma, as well as in head and neck and esophageal
cancers, which are predominantly composed of squamous
cell types, suggests a potential link to the intrinsic biolog-
ical characteristics of squamous epithelial cells [16]. PTHrP
is physiologically expressed in normal squamous epithelium
and involved in epithelial cell proliferation and differentia-
tion; thus, dysregulation of lineage-specific differentiation
programs in squamous cell carcinoma may create a tran-
scriptionally permissive environment for PTHrP overexpres-
sion. Notably, the epidermal growth factor receptor (EGFR)-
MAPK/extracellular signal-regulated kinase (ERK) pathway,
a central oncogenic driver in squamous malignancies, may
further induce PTHrP expression, providing a biologically
plausible explanation for the high prevalence of PTHrP-me-
diated hypercalcemia in advanced squamous tumors [17].

In our cohort, PTHrP-mediated hypercalcemia accounted
for 63% (289/458) of malignancy-associated hypercalce-
mia, lower than the 70-80% reported in the literature [18].
Previous case series have shown that elevated PTHrP levels
occur across a broad spectrum of malignancies beyond lung
cancer, with solid tumors accounting for approximately 70-
80% of cases and hematologic malignancies for 20-30%
[19,20]. Our findings are consistent with this pattern. A Ko-
rean cohort further demonstrated a relatively high preva-
lence of this complication in hepatobiliary cancers, including
liver cancer, in contrast to Western cohorts; this difference
was partly attributed to geographic differences in cancer in-
cidence [21]. The liver and biliary tract are well recognized
sites of paraneoplastic hormone production, reflecting their
roles in protein synthesis, metabolic regulation, and devel-
opmental plasticity. Accordingly, PTHrP expression in hepa-
tobiliary malignancies may result from cellular dedifferenti-
ation and nonspecific ectopic hormone production rather
than activation of a canonical squamous epithelial program
[22].

Moreover, in addition to cancer types in which this con-
dition is well recognized, our analysis further demonstrat-
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ed a substantial number of PTHrP-mediated hypercalcemia
cases among patients with multiple myeloma [22]. Osteo-
lytic bone lesions are a characteristic feature of multiple
myeloma, and macrophage inflammatory protein-To. (MIP-
Ta), produced by malignant plasma cells within the bone
marrow, has been implicated in cytokine-mediated osteol-
ysis [23]. Notably, previous reports have described cases of
hypercalcemia in patients with multiple myeloma in whom
both PTHrP and MIP-1a levels were elevated, suggesting the
concurrent contribution of PTHrP-mediated humoral hyper-
calcemia of malignancy and MIP-1a~driven local osteolysis
[24]. In addition, a previous study suggested that multiple
myeloma plasma cells can directly produce PTHrP, which
acts in multiple functional fragment forms to support tumor
cell survival and promote the progression of bone disease.
In particular, PTHrP has been hypothesized to sustain myelo-
ma cell survival and proliferation through intracrine mecha-
nisms, while simultaneously enhancing osteoclast activation
and the development of osteolytic lesions [25].

With regard to prognosis, survival among patients with
solid malignancies after the development of humoral hyper-
calcemia of malignancy is generally less than two months,
and this rare condition has therefore been regarded as a
predictor of poor survival [19,20,26]. In this multicenter co-
hort, elevated PTHrP levels were not merely associated with
biochemical hypercalcemia but also demonstrated a graded
relationship with clinical outcomes, suggesting that PTHrP
activity may capture aspects of tumor burden, skeletal in-
volvement, and systemic metabolic stress. Notably, the sub-
stantial proportion of hematologic malignancies observed in
our cohort supports the concept that disruption of the bone
microenvironment—characterized by enhanced osteoclast
activation, cytokine-rich signaling, and hypoxia—may pro-
mote PTHrP expression even in cancers not classically as-
sociated with paraneoplastic endocrine syndromes. From
an endocrine perspective, these findings imply that PTHrP
should not be viewed solely as an epiphenomenon of ma-
lignancy, but rather as a dynamic hormonal signal that in-
tegrates pathological interactions among the tumor, bone,
and kidney in advanced disease. Such a framework may
help explain the heterogeneity of clinical presentations and
underscores the potential value of PTHrP as a biologically in-
formative biomarker, rather than a binary diagnostic mark-
er, in patients with malignancy-associated hypercalcemia.

This study has several limitations. First, due to its retro-
spective design, important clinical variables such as perfor-
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mance status and treatment status were not available for
comprehensive evaluation, making it difficult to interpret
the association between PTHrP levels and mortality as defin-
itive evidence of an independent prognostic effect. Second,
for additional clinical comparison, patients with malignan-
cy-associated hypercalcemia without elevated PTHrP levels
were also evaluated. However, direct matched comparisons
between patients with similar disease stage were limited be-
cause of heterogeneity in tumor types and treatment strat-
egies. Finally, while PTHrP elevation and associated hyper-
calcemia have been reported in certain benign conditions,
such as heart failure [27], the present study was restricted
to patients with advanced malignancies, and additional
evaluations of other potential clinical conditions were not
conducted.

In conclusion, PTHrP-mediated hypercalcemia can arise
during the progression of diverse malignancies and often re-
flects advanced disease and poorer outcomes. These obser-
vations emphasize the necessity for greater clinical vigilance
and timely identification of this aggressive paraneoplastic
condition.

KEY MESSAGE

1. PTHrP-mediated hypercalcemia is an important en-
docrine cause of severe hypercalcemia in patients
with malignancy.

2. PTHrP-related hypercalcemia is observed across a
broad range of cancer types and is associated with
extremely poor survival outcomes.

3. PTHrP excess should be suspected in patients
with cancer who present with hypercalcemia and
suppressed parathyroid hormone levels to enable
timely diagnosis and appropriate management.
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Supplementary Table 1. Patients in the other causes hypercalcemia group with elevated PTH levels

Age Sex PTH Cr Ca P Alb Cor-Ca Type of malignancy
Solid malignancy

69 M 106.0 1.0 11.6 2.5 4.2 11.6 Thyroid cancer

68 M 107.4 0.7 10.5 24 4.0 10.5 Lung cancer

72 M 121.4 0.7 10.5 3.1 39 10.6 Gastric cancer

62 M 121.5 0.8 1.7 3.1 4.5 1.7 Esophageal cancer

67 F 123.1 0.8 10.5 3.3 4.4 10.5 Gallbladder cancer

52 F 138.0 0.4 10.5 32 4.6 10.6 Appendiceal cancer

73 M 148.1 1.3 11.9 1.7 2.9 12.8 Colorectal cancer

78 M 174.3 1.5 14.2 1.8 3.8 10.7 Prostate cancer

90 F 283.1 0.9 12.1 29 2.3 13.5 Liver cancer

69 F 291.9 0.6 1.1 3.0 47 1.1 Thyroid cancer

52 F 575.4 1.1 13.3 1.9 4.3 13.3 Parathyroid cancer

21 M 1,596.7 15 14.2 1.8 4.2 14.4 Parathyroid cancer
Hematologic malignancy

63 M 106.1 1.2 12.0 25 4.4 12.0 Lymphoma

70 F 110.0 1.2 10.5 37 4.7 10.5 Multiple myeloma

59 F 181.7 1.2 10.6 3.5 3.2 11.3 Lymphoma

58 F 188.1 1.0 12.7 2.2 2.3 14.1 Acute lymphocytic leukemia

59 M 281.0 09 12.9 2.5 4.7 12.9 Multiple myeloma

75 F 419.5 0.5 10.7 2.2 3.2 1.3 Lymphoma

57 F 439.2 0.2 12.3 34 3.8 12.5 Lymphoma

32 F 1,099.0 0.4 1.4 19 3.4 11.9 Acute lymphocytic leukemia

Patients in the other causes hypercalcemia group with estimated glomerular filtration rate > 30 mL/min/1.73 m2 (calculated using
the 2021 CKD-EPI equation) and PTH levels > 97.5 pg/mL (1.5-fold above the upper normal limit of 65 pg/mL).

PTH, parathyroid hormone; Cr, creatinine; Ca, calcium; P, phosphorus; Alb, albumin; Cor-Ca, albumin-corrected calcium; CKD-EPI,
Chronic Kidney Disease Epidemiology Collaboration.
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