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Detective Nephron
Detective Nephron, world-renowned for his expert analytical skills,
trains budding physician-detectives on the diagnosis and treatment
of kidney diseases. Budding nephrologist L.O. Henle is now
accompanied by another budding nephrologist, Dr. Aldo

The detective sits facing the window while he awaits the arrival of his
trainees.
Henle

Here’s a case that is going to make you smile.

Nephron

(curious): Finally. Anyone for some Coke?

Henle
Nephron

binders, chronic and acute diarrhea (not in her case), and/or vitamin
D deficiency.
Nephron

I shall take some Coke, thanks. By the way, it’s a case of
hypophosphatemia.

Strong work. I assume she is not taking binders, and she may be
vitamin D deficient, given her history of intake as you suggested.
Could that explain the severe hypophosphatemia? By the way, what
are you eating?

Aldo

(smiling): Ah, yes. Electrolyte disorders. The best part of nephrology,
and phosphate stuff is always entertaining.

I am on a high-protein diet these days, eating a lot of bars, meats,
dried beans, and peas.

Henle

(annoyed): No, she is not on any medications except tramadol for
pain, and her 25-hydroxyvitamin D3 (25[OH]D3) was slightly
low at 18 ng/mL (reference range 30–100 ng/mL), and her
1,25-dihydroxyvitamin D3 (1,25[OH]2D3) level was 2.6 pg/mL
(reference range 19–79.3 ng/mL).

Aldo

This is a 71-year-old woman with a phosphorus level of 1.4 mg/dL,
but ranging from 1.4 to 2.4 mg/dL.

Nephron

(interrupting): That would be good enough.

Henle

Yes, Dr. Nephron, we did want to let you know that she has a GFR
>60 mL/min, and there’s no mention of any diarrhea.

Aldo

(interrupting): Hmmm, 1,25 (OH)2D3 is low … that is interesting.
My guess is that this is going to be a renal loss.

Nephron

Please stop!

Nephron

Henle

(whispering to Aldo): He likes to stop at only one electrolyte value.

(jumping in): Definitely! How does the kidney handle this low
phosphorus?

Aldo

Nephron

How do we categorize the causes of hypophosphatemia?

Aldo

Renal loss, extrarenal loss, and shifting; works for all electrolytes in
nephrology (almost all).

Nephron

(arrogant): Indeed, I always like to start with redistribution or shifting.

(showing oﬀ ): The kidney’s response to phosphate depletion is to
increase phosphate reabsorption, leading to almost zero phosphate
excretion in the urine. Most of the filtered phosphate is reabsorbed in
the proximal tubule via the sodium-phosphate cotransporters NaPiIIa
and NaPiIIc in the proximal tubule. Phosphate depletion leads to
increased gene expression and synthesis of new transporters, thereby
enhancing the uptake of filtered phosphate into the cell.

Henle

Shifting?

Henle

Nephron

(laughing aloud): Shifting where?

Basically, our patient has normal kidney function, good blood pressure
control, and good urine output. Her calcium is 8.4 mg/dL, albumin
is 2.8 mg/dL, and parathyroid hormone level (PTH) is 6 pg/mL. She
also was noted to have new 2+ pitting edema and ascites along with
new worsening liver biochemistries. While her liver biochemistries
were slightly elevated, her alkaline phosphatase was disproportionately
elevated.

Aldo

(conﬁdent): Hmmm, that is interesting.

Nephron

(excited): I love it. This is going to be fun!

Henle

So now we are likely left with increased urinary excretion as the cause
of the hypophosphatemia. This could be part of a Fanconi syndrome
and/or sole excretion issue. She is not taking any medications that can
cause any specific excretion such as chemotherapy agents or tenofovir
or that carry a diagnosis of multiple myeloma.

Aldo

She has normal immunofixation, and no serum free light chain excess.
She has normal magnesium, glucose, uric acid, and potassium levels.
She has a urinalysis with no glucosuria, making this less likely to be
Fanconi syndrome. Hmmm.

Nephron

So, let’s end this confusion once and for all. The usual
causes of excretion of phosphorus are primary or secondary
hyperparathyroidism, severe vitamin D deficiency, hypophosphatemic
rickets (not the right age group), and tumor-induced osteomalacia
(TIO).

Pause.
Henle

Into the cells?

Aldo

The patient didn’t have any signs of respiratory alkalosis or an increase
in insulin availability, such as treatment of diabetic ketoacidosis
(DKA), or a recent illness leading to refeeding that would cause the
shifting. She has been sick for a few days but is able to eat a bit. She
did have a 30-pound weight loss.

Nephron

Good work. So, the main causes of redistribution that can lead to
hypophosphatemia are respiratory alkalosis, treatment of DKA,
refeeding syndrome, and hungry bone syndrome. I suppose she is not
a dialysis patient and didn’t get a parathyroidectomy? That would be
too easy.

Henle

No and no!

Henle

But I feel we need some more information, don’t you think? Does she
have a parathyroid-related process? What is her urinary phosphorus
level?

Nephron

Hold your binders!

Aldo

(chewing a protein bar): I assume you want to move next to extrarenal
loss, which in this case is gastrointestinal loss such as taking phosphate
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Henle

Hmmm. She has a low PTH level, making this not a PTH-mediated
process. However, her 1,25 (OH)2D3 level is very low. What is her
urinary phosphorus? It has to be high!

Nephron

(with a smile): Now you are thinking like a nephrologist.

Aldo

(still chewing his protein bar): It was 134.4 mg/dL, and a FePhos was
48%.

Nephron

(shocked): This is a phosphate wasting of the kidney. Two hormones
can do this—either PTH or fibroblast growth factor 23 (FGF-23). I
suggest you get an FGF-23 level. Come back when it’s ready. Let me
finish reading my JASN issue for this month.

is a rare paraneoplastic syndrome, causing TIO, also referred to as
oncogenic osteomalacia. A majority of the cases reported are caused
by benign mesenchymal tumors of soft tissue or bone, but there are
several cases in the literature of various malignant neoplasms secreting
FGF-23. Malignant neoplasm-induced TIO, however, is quite rare,
making up fewer than 5% of cases of oncogenic osteomalacia. Cases
involved include malignant neoplasms such as small cell lung cancer,
squamous cell cancer, colon cancer, prostate cancer, ovarian cancer,
lymphoma, osteosarcoma, and multiple myeloma.

A few days later:

Aldo

(showing oﬀ again): An ultrasound-guided fine-needle aspiration and
two core biopsies of the 2-cm liver mass revealed metastatic pancreatic
adenocarcinoma.

Henle

(whispering): Don’t give him too much information; he won’t like it.

Aldo

(holding a bag of beans): The FGF-23 was 1500 RU/mL (reference
range <180 RU/mL).

Nephron

(interrupting): Hmmm, that could explain the liver function concerns
and ascites. Does that explain the hypophosphatemia?

Nephron

Dr. Aldo, you are on a roll. So, this is an FGF-23–induced
hypophosphatemia. Where is this coming from?

Henle

Henle

(getting anxious): Hmmm. That is interesting, and a good question.
Wonder if her edema and the worsening liver function have anything
to do with this?

Nephron

Oncogenic renal phosphate wasting secondary to FGF-23 secretion

(relieved): FGF-23 is a phosphatonin made by osteocytes and plays
a major role in the bone-kidney axis by regulating phosphate,
1,25(OH)2D3, and bone mineralization. In response to high serum
phosphorus and vitamin 1,25(OH)2D3 levels, FGF-23 is secreted.
It then binds to the FGF receptor, Klotho complex, in renal tubular
epithelial cells, decreasing proximal tubule expression of sodiumphosphate cotransporters. This results in decreased phosphorus
Continued on page 52
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Detective Nephron

continued from page 51

reabsorption, phosphaturia, and corresponding hypophosphatemia.
In addition, FGF-23 inhibits 1α-hydroxylase activity in the proximal
tubule by downregulation of CP27B1, thus decreasing 1,25(OH)2D3
levels. This, in turn, decreases phosphate absorption in the gut,
which potentiates the hypophosphatemia. FGF-23 is also thought
to be an inhibitor for PTH secretion. In TIO, FGF-23 is secreted
in an unregulated fashion, likely by tumor cells, causing marked
hypophosphatemia and osteomalacia.
Aldo

(jumping in): TIO can present before a tumor is diagnosed, and
this might be what happened in our case, making it an important
entity to understand and recognize, especially given the increasing
case reports of TIO in malignant neoplasms. Typically, with TIO,
serum phosphorus is low and serum 1,25(OH)2D3 levels are low
or inappropriately normal. The 25(OH)D3 and calcium levels are
usually normal. A markedly elevated FGF-23 level is usually the
hallmark finding in TIO and provides strong support for a diagnosis
of TIO. I think that given all that, this patient likely has pancreatic
cancer causing paraneoplastic FGF-23 production, causing renal
phosphate wasting.

The detective’s eyes brighten.
Nephron

Fascinating explanation.

Aldo

But this patient had no bone lesions on CT scan and on MRI
findings?

Nephron

An MRI or CT of the head and neck is usually advised, given the
fact that most TIO-related tumors are mesenchymal in origin. If
the tumor cannot be located, an octreotide scan can be performed
because many of these tumors express somatostatin receptors. In
our patient, both the hypophosphatemia and the metastatic hepatic
lesions were found at the same time. In addition, the patient was
found to have no signs of osteomalacia on either physical examination
or on imaging. The lack of observed osteomalacia in this patient is
likely due to the short duration of hypophosphatemia because the
bone mineralization process was not yet impaired. She did, however,
have the typical serologic features of TIO such as markedly elevated
FGF-23, elevated alkaline phosphatase, low 1,25(OH)2D3 level, low
PTH, and elevated urinary fractional excretion of phosphorus.

Aldo

Brilliant!

Nephron

Please have her get treatment for her cancer to help with the
hypophosphatemia.

Henle

(sadly): She refused treatment and has asked for hospice care.

Nephron

Well, that is a sad ending.

Pause.
Nephron

Clinical Studies in CKD
patients have shown a
serum bicarbonate
<22-23 meq/L is
associated with:
• A 2 fold greater risk of of developing
reduced GFR.*
• A greater risk of ESRD and increased
mortality.°
• A 2 fold greater risk of reaching ESRD.#

Nevertheless, I am glad you brought this case
for discussion. Now I am hungry. Let’s get some
New York style pizza today. I am craving a high
phosphorus diet!
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to Dr. Mala Sachdeva and Valerie Barta for providing the
details of this case.
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*Health ABC Study, Goldenstein L. et al., AJKD 2014
°Veterans CKD study, Kovesdy CP. et al. NDT 2009
#
Chronic Renal Insufficiency Cohort (CRIC), Dobre M, et al, JAHA 2015
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