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Abstract

Objectives: For those patients who achieve long-term survival following esophagectomy, altered digestion and
malabsorption may lead to a range of adverse gastrointestinal sequelae, including micronutrient deficiencies. The
aim of the current study was to determine the prevalence of specific micronutrient deficiencies in patients following
esophagectomy.

Methods: Levels of vitamin A, vitamin E, vitamin D, vitamin B1, vitamin B12, folate, ferritin, zinc and calcium were
measured in a single non-fasting blood sample in patients who has undergone esophagectomy. Findings were
compared to both patients who had undergone gastrectomy and an age matched Western control population.

Results: Forty-Four patients (33 male, 65.5 + 10.2 yrs) a median of 26 months (IQR 12-46) following either two
or three stage esophagectomy were recruited. Deficiency in one or more micronutrients was observed in 64% of
patients who underwent esophagectomy. Micronutrients most commonly deficient following esophagectomy were
vitamin D (21%), vitamin B12 (32%), ferritin (16%) and zinc (25%). Compared to patients who underwent
gastrectomy, levels of vitamin B12 and red cell folate were significantly lower, and levels of vitamin E were
significantly higher in the blood of patients following esophagetomy. Compared to a Western control population the
mean levels of vitamins A, E, D and B12, ferritin and zinc were lower in patients following esophagectomy.

Conclusion: Micronutrient deficiency is common after esophagectomy affecting two thirds of all patients. Regular
screening of vitamin D, vitamin B12, ferritin and Zinc levels should be considered as well as prophylactic

supplementation in this patient group to prevent deficiency.
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Introduction

Radical surgery continues to have an important role in the
potentially curative management of esophageal cancer. Improvement
in the overall and disease-free survival of those patients undergoing
esophagectomy [1] has focused attention towards improving the long
term functional and biochemical sequelae of this surgery.

Surgical reconfiguration of the upper gastrointestinal tract can be
associated with adverse intestinal symptoms including: nausea;
regurgitation; dysgeusia; anorexia; food aversions; diarrhoea; dumping
syndrome, and; steatorrhoea. Occurrence of these symptoms can
contribute to weight loss and are detrimental to the overall nutritional
status of patients [2-5]. Furthermore, use of adjunctive chemo- and
radio-therapy either before or after surgery may further exacerbate
these symptoms.

Patients undergoing esophagectomy may lose between 5-12% of
their body weight within the first 6 months of surgery [5].
Furthermore, weight loss of >10% one year after surgery is reported in
half of patients following esophagectomy, many of whom will fail to

regain their baseline weight [5]. The majority of studies reporting
nutritional deficiency in the setting of esophagectomy do so without
reference to micronutrient levels. Consequently, little is known about
the prevalence of micronutrient deficiency after esophagectomy.

Micronutrients are compounds required, in low concentrations, by
the body to support an array of physiological functions.
Micronutrients may be broadly classified as either trace elements (e.g.,
Iron; Zinc; Copper, and; Iodine) or vitamins (e.g., A; D; E; K, and B
vitamins). Whilst Haverkort et al. determined suboptimal intake of
micronutrients in 90% of patients following esophagectomy [6], this
study did not correlate the observed low intake of these micronutrients
to levels within patients’ blood. Similarly, Okada et al. [7] and Hjelms
et al. [8] reported normal vitamin B12 absorption in patients following
esophagectomy, but neither study measured bloods levels of this
vitamin. Wang et al. reported reduced Iron and Zinc levels in the first
three months after esophagectomy with only iron levels returning to
baseline after this period [9]. Recently Heneghan et al. reported that
deficiency in at least one fat soluble vitamin occurred in 89.7% of
patients 18 to 24 months after esophagogastric cancer resection [10].
Deficiency of Vitamin A was observed most commonly in 81.5% of
patients [10]. As this study did not differentiate between patients who
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underwent either gastrectomy or esophagectomy, the influence of the Esophagectomy Gastrectomy
latter could not be fully determined.

n=44 n=60
The aim of the current study was to determine the prevalence of (n=44) (n=60)
specific =~ micronutrient  deficiencies in  patients following | Gender (M:F) 33:11:00 36:24:00
esophagectomy for cancer of the upper gastrointestinal tract. Findings
were compared to both patients who had undergone gastrectomy in Age (vears) 655102 657+129
the same centre and a Western control population. Surgical approach
2 stage
MethOdOIOgy Esophagectomy 2 .
Local ethics committee approval was obtained for this prospective | 4 stage
cross-sectional study and prior to recruitment all patients provided Esophagectomy 17 -
informed written consent.
Subtotal gastrectomy - 32
All patients with cancer of the upper gastrointestinal tract who
underwent esophagectomy with gastric tube reconstruction at St | Total gastrectomy* - 28
Mary’s Hospital between July 2003 and December 2011 and who
remained free of cancer recurrence were eligible for inclusion in this Time . since  surgery 26 (12-46) 24 (12-48)
study. (months)
The following demographic information was collected at the time of E(Zj:g)era“ve BMI| 4 (21-26) 22 (20-25)
recruitment: age; gender; weight and height (prior to diagnosis, prior
to surgery and at recruitment); details of surgery and chemotherapy; BMI change (kg/m?) -3 (2-5) -3 (1-5)
bowel habit; alcohol and tobacco consumption, and; drug history.
Weight change (%) -9 (3-16) -9 (4-14)
Postoperative micronutrients levels were measured in a single non-
fasting blood sample. The following micronutrients were | Received 23 31
independently quantified by the Department of Biochemistry of chemotherapy
Imperial College Healthcare NHS Trust: vitamin A; vitamin E; vitamin | vajyes in parentheses represent the interquartile range for associated median.
D; vitamin B1; vitamin B12; red cell folate; iron; zinc, and; calcium. ‘Includes 13 patients who underwent total gastrectomy and lower
esophagectomy
Micronutrient levels were compared to both patients recruited

during the same period who had undergone either subtotal or partial
gastrectomy with Roux-en-Y reconstruction as well as a Western
control population using data from The National Diet and Nutrition
Survey conducted in the United Kingdom [11].

Micronutrient deficiency was defined in accordance with thresholds
set by The National Diet and Nutrition Survey [11] or the analyzing
laboratory. Where patients were found to be deficient in any one of
these micronutrients, the patient was informed, and supplementation
was commenced. Both the medical team in charge of the patient’s care
and the patient’s general practitioner were also informed of
micronutrient deficiencies.

Statistical analysis

Statistical analysis was performed using the SPSS 17 software
package (SPSS Inc., Chicago, USA). Unless otherwise stated values are
presented as mean + standard deviation (SD). The prevalence and
micronutrient deficiencies in postoperative and reference populations
were compared by Chi-squared test. An independent sample T-test was
used for comparison of micronutrient levels between esophagectomy
and gastrectomy patients. Mann-Whitney U Test was used for all other
pair-wise comparisons of micronutrient levels within the post-
esophagectomy patient group. Statistical significance was assigned to
two-tailed P-values of <0.05.

Results

Patient demographics and details of surgical approach are presented
in Table 1.

Table 1: Patient demographics and treatment characteristics.

Forty-four patients who had previously undergone esophagectomy
were recruited to this study. Of this patient cohort the ratio of male to
female patients was approximately 3:1 with an average age of 65.5
10.2 years. Recruitment occurred at a median of 26 months (IQR
12-46) after surgery at which time patients had lost a median of 9% of
their preoperative body weight.

Mean micronutrient levels and rates of de iciency are presented in
Tables 2 and 3 respectively. De iciency in all micronutrients, with the
exception of vitamin A, vitamin E and vitamin B1, were observed in
patients who had undergone esophagectomy. De iciency in one or
more micronutrients was observed in 29 (64%) of patients who
underwent esophagectomy. Single micronutrient de iciency was
observed in 14 (32%) patients. The remaining patients were deficient
in either two (n=11, 25%) three (n=1, 2%) or four (n=2, 5%)
micronutrients.

Of those patients who were vitamin D deficient (n=9), six
demonstrated evidence of secondary hyperparathyroidism, 3 of whom
were calcium deficient. Ten patients with normal/low-normal vitamin
D levels and normal calcium levels had elevated serum levels of
parathyroid hormone. Of the two remaining patients found to be
deficient in calcium following esophagectomy, both had vitamin D
levels at the lower limit of the normal range and one had elevated
serum levels of parathyroid hormone.

Median ferritin levels were lower in females compared to males (17
vs. 35 pg/L; P=0.033) and lower in patients who underwent three
stages compared to two stage esophagectomy (18 vs. 49 ug/L; P=0.004).
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Absolute levels of postoperative micronutrients were not
significantly altered by the administration of chemotherapy (P>0.05).

Comparison between esophagectomy and gastrostomy
patients

Sixty patients who underwent either partial or total gastrectomy
served as a positive control group. Levels of vitamin B12 (P<0.001) and
red cell folate (P=0.045) were significantly lower and levels of vitamin
E (P=0.017) were significantly higher in the blood of patients following
esophagectomy compared to gastrectomy (Table 2). Compared to

deficiency was more prevalent following gastrectomy. The prevalence
of all other micronutrient deficiencies was equivalent in groups who
had undergone either esophagectomy or gastrectomy.

Comparison between esophagectomy patients and a Western
reference population

Compared to a Western reference population the mean levels of
vitamins A, E, D and BI12, ferritin and zinc were lower in patients
following esophagectomy (comparative data from the National Diet
and Nutrition Survey for vitamin Bl and calcium were however not

patients who underwent esophagectomy vitamin D (P=0.004) available) (Table 2).
UK population
Esophagectomy (n=44) Gastrectomy (n=60)
2 65ypyo (v=338)*
Mean (+ SD) Mean (t SD) Mean (t SD)
Vitamin A mmol/L 2.04 (+ 0.95) 1.68 (+ 0.80) 2.21(+0.6)
Vitamin E mmol/L 29.7 (+7.7) 25.3 (+ 8.4)" 33.2(+8.4)
Vitamin D nmol/L 44 (+ 24) 38 (+ 25) 45 (£ 21)
Vitamin B1 nmol/L 155 (+ 32) 148 (+ 32) -
Vitamin B12 ng/L 294 (+ 161) 544 (+ 499)2 366 (+ 142)
Red Cell Folate mg/L 377 (£ 219) 463 (x 251)3 336 (+ 167)
Ferritin mg/L 55 (+ 67) 63 (+ 68) 133 (¢ 139)
Zinc mmol/L 11.3(£1.8) 10.9 (£ 2.0) 14.0 (£ 3.0)
Calcium mmol/L 2.34 (£ 0.10) 2.31(+0.16) -
*The National Diet and Nutrition Survey conducted in the United Kingdom (11), Average sample size 338 (range 332-349). Mann-Whitney U Test, esophagectomy vs.
gastrectomy: 'P=0.017, 2P<0.001, 3P=0.045

Table 2: Mean micronutrient levels.

Vitamin B12 (P<0.001) and ferritin (P=0.016) deficiency was more
commonly observed following esophagectomy than in a Western
control population.

Discussion

This is the first study to specifically evaluate deficiencies in common
micronutrients following esophagectomy for cancer of the upper
gastrointestinal tract. The principal findings of this study are: (i)
micronutrient deficiency is common after esophagectomy affecting
64% of all patients; (ii) high rates of vitamin B12 (32%), zinc (25%),
vitamin D (21%) and ferritin (16%) deficiency following
esophagectomy, and; (iii) the prevalence of micronutrient deficiency
after esophagectomy is broadly equivalent to that which is observed
after gastrectomy.

Micronutrients are recognized to be of importance to a range of
cellular functions including epigenetic alterations that influence gene
expression, cellular proliferation and differentiation [12]. Although
commonly reported after gastrectomy [13-15], little is known
regarding the prevalence and implications of micronutrient deficiency
after esophagectomy. Whilst previous studies have focused on aspects
related to micronutrient intake and absorption after esophagectomy,
they do so without direct correlation to blood levels [6-8,16]. Wang et
al. reported a persistent decrease in Zinc levels after esophagectomy
[9], a finding that was corroborated by the current study. Other studies
have suggested a role for micronutrients in the pathogenesis of
esophageal cancer [12,17-24]. Whether changes in the levels of these
micronutrients following esophagectomy influence physiological
status, tumor recurrence and long-term survival is yet to be
determined (Table 3).

UK population
Deficiency Oeosphagectomy (n=44) Gastrectomy (n=60)
(n=338)"
Vitamin A <0.70 mmol/L 0(0.0) 5(8.3) 0
Vitamin E <12.0 mmol/L 0 (0.0) 2(3.3) (0.0)"
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Vitamin D <25 nmol/L 9 (20.5) 29 (48.3)" -21
Vitamin B1 <50 nmol/L 0(0.0) 0(0.0) (0.3)"
Vitamin B12 <200 ng/L 14 (31.8) 14 (23.3) (5.9)2
Red Cell Folate <150 mg/L 1(2.3) 1(1.7) -9.3
Ferritin <15 mg/L 7 (15.9) 10 (16.7) (6.0)°
Zinc <10 mmol/L 11 (25.0) 16 (26.7) -
Calcium <2.25 mmol/L 5(11.4) 8(13.3) -
}{alues in parentheses are percentages. “The National Diet and Nutrition S*ﬂrvey conducted in the United Kingdom [11], Average sample size 338 (range 332-349).
Deficiency defined as a-tocopherol to cholesterol ratio <2.25 umol/mmol. ~ Deficiency defined as Erythrocyte transketolase activation coefficient (ETKAC) % above
1.25. Chi squared test vs. esophagectomy: 'P=0.004; 2P<0.001; 3P=0.016

Table 3: Rates of micronutrient deficiency.

There are currently no agreed guidelines for the assessment and
management of micronutrient deficiency after esophagectomy.
Accordingly, a decision to investigate patients and initiate
supplementation varies between patients and different surgical units.
Due to the observed high prevalence and potential adverse effects of
vitamin D, vitamin BI12, Ferritin and Zinc deficiency after
esophagectomy a recommendation for regular monitoring of these
micronutrients and/or prophylactic supplementation may be
considered. Future studies should seek to measure the treatment
response to a supplementation programmed in an effort to determine
the best method of overcoming and preventing these deficiencies and
informing management guidelines.

Whilst biochemical markers of bone disease 25-Hydroxyvitamin D,
parathyroid hormone and corrected calcium were measured during the
course of this study, concurrent radiological assessment of bone
mineral density was not however performed. Therefore, although one
fifth of patients who underwent esophagectomy were deficient in
vitamin D, it is not possible to comment on their bone status. The
finding of severely depleted vitamin D levels and elevated parathyroid
hormone in several patients with frequent sun exposure and no weight
loss does however strengthen the argument for a relationship between
this surgery and malabsorption.

A cross-sectional design of this study was selected to ensure greater
patient accrual following what is a relatively low volume surgical
approach. An acknowledged limitation of this study design was the
inability to draw comparison between pre- and postoperative
micronutrient levels, which would in turn strengthen the proposed
causal relationship between surgery and deficiencies. This limitation
was partly mitigated by comparison of post esophagectomy patients to
a national reference population. Esophagectomy patient were also
compared to an equivalent patient population who underwent
gastrectomy in the same institution who acted as positive controls.
Future studies should seek to determine micronutrient levels both
before and at serial intervals after surgery and may include assessment
of nutrient intake and absorption. Furthermore, future studies should
incorporate qualitative and quantitative assessment of nutritional
status and malabsorption, similar to those utilized by Heneghan et al.
[10]. Specifically, this should include characterization of postoperative
dumping syndrome, steatorrhoea and bacterial overgrowth through
symptom reporting and assessment of gastric empting, faecal elastase
and hydrogen breath testing. Finally, studies should be adequately

powered to determine the influence or patient demographics on the
levels of individual micronutrients. Such studies may help to better
define the mechanistic changes and risk factors for the development of
micronutrient deficiencies after esophagectomy and identify those
patients and most risk

Conclusion

The findings of the current study suggest a high prevalence of
micronutrient deficiencies following esophagectomy, with two thirds of
all patients affected. Pending further studies and establishment of
accepted management guidelines, routine screening of common
micronutrient levels, including, vitamin D, vitamin B12, ferritin and
zing, after esophagectomy should be considered as well as prophylactic
supplementation.
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