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ABSTRACT. Forty-three patients with mild weight loss were
studied prospectively to determine whether the parenteral
water-soluble vitamin doses in a commercially available prep-
aration (MVI concentrate; USV Laboratories, Tarrytown, NY)
maintained serum, red blood cell (RBC), and urinary concen-
trations of water-soluble vitamins in stressed cancer patients
receiving total parenteral nutrition (TPN). Patients were di-
vided into three groups: (1) oral diet, no intravenous vitamins
given; (2) TPN plus 5 ml MVI; and (3) TPN plus 10 ml MVI.
Vitamins C, B1, B2, B3, B6, and niacin were measured initially
and weekly during a 6-week study period. Caloric and nitrogen
balances were quantified. Most of the patients in all three
groups had normal blood or urine levels of all water-soluble
vitamins. No clinical evidence of vitamin deficiency or MVI
toxicitv was detected. The recommended parenteral dosages of

vitamin C (100 mg/day) and B3 (15 mg/day) provided measur-
ably adequate levels in all patients. Levels of vitamins B1, B2,
B6, and niacin that were less than the normal range were noted
in 4-40% of patients receiving the recommended daily dosages
of 3 mg, 3.6 mg, 4 mg, and 40 mg, respectively. These deficien-
cies appeared to improve in group III patients who received
twice the recommended parenteral vitamin dosages, although
they did not completely disappear. Niacin deficiency appeared
to be the most prevalent, occurring in 40% of patients studied.
Since intravenous doses of B1, B2, B6, and niacin are safe and
well tolerated, it appears that increased daily amounts of these
vitamins should be given to cancer patients on parenteral
nutrition. (Journal of Parenteral and Enteral Nutrition 11:243-
249, 1987)

Total parenteral nutrition (TPN) is being used more
and more frequently as the sole nutritional support of
hospitalized patients. The Nutrition Advisory Group of
the American Medical Association adopted a statement
in 1979 and recommended daily dosages for parenteral
multivitamin preparations. The Food and Drug Admin-
istration (FDA) also recently approved these recommen-
dations.~ These guidelines represent daily parenteral
intakes considered to be adequate for maintenance re-
quirements. Their application to malnourished and met-
abolically stressed patients may be inappropriate. The
intravenous vitamin requirements of very sick patients
need to be better defined. This prospective study exam-
ined water-soluble vitamin requirements in three groups
of hospitalized cancer patients. Group I patients received
no vitamin supplements and consumed all calories orally.
Group II patients were on TPN and received the rec-
ommended daily dose of water-soluble vitamins. Group
III patients were identical to group II, except they re-
ceived twice the recommended daily dose of water-soluble
vitamins. It was hoped that this study would assess the
adequacy of the presently recommended daily mainte-
nance dosages of water-soluble vitamins in sick, hospi-
talized cancer patients on total parenteral nutrition.

MATERIALS AND METHODS

Forty-three patients admitted to the Clinical Center
of the National Institutes of Health were entered into
the study. Forty-two patients had a primary diagnosis of
malignancy, and the remaining patient had systemic
vasculitis. All patients were assigned to one of three
groups. Descriptions of the three groups are shown in
Table I. Weight loss was similar in all groups and was 8
± 3% of the usual body weight.

Patients were sequentially assigned to one of three
vitamin groups. Group I patients received no TPN or
supplemental intravenous vitamins. All calories supplied
were those consumed either orally or delivered as a 5%
dextrose intravenous solution. These patients were

judged by the nutritional support team to not require
total parenteral nutrition. Group II and III patients were
composed of patients placed on TPN for the following
indications: a nonfunctional gastrointestinal tract sec-
ondary to operation, obstruction, chemotherapy, or ra-
diation therapy. A central line was placed via the subcla-
vian vein into the superior vena cava. Caloric require-
ments were calculated on an individual basis using the
Harris-Benedict equation. The appropriate carbohy-
drate and protein calories were given as 20% dextrose
and 4.25% crystalline amino acids (Freamine II, McGaw
Laboratories, Glendale, CA). Five hundred milliliters of
fat emulsion (I,iposyn 10%, Abbott Laboratories) were
given twice weekly to prevent essential fatty acid defi-
ciency. Water-soluble vitamins were provided in the form
of a commercial multivitamin preparation (MVI concen-
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TABLE I

Definition of three patient groups

G Numbers in parentheses = youngest and oldest age in years.
b Numbers in parentheses = number of patients.

trate, USV Laboratories). The amount of each water-
soluble vitamin in this concentrate is shown in Table II.
The vitamins were added daily to the TPN solutions in
the first morning bottle. Group II patients received 5 ml
of MVI daily, and group III patients received 10 ml of
MVI daily. Two patients subsequently crossed over from
group I to group II when readmitted at a later date. Each
individual admission was analyzed separately according
to the group the patient was in at the time. Two patients
in group II were studied twice on separate admissions,
but each remained in group II.
No attempt was made to limit the oral intake of any

patient in any group if his condition permitted. Daily
quantification of oral and intravenous nonprotein and
protein calories was made. Blood collections for vitamin
levels were performed weekly in the early morning before
patients received breakfast and the daily MVI-containing
TPN. Twenty-four-hr urine collections for vitamin levels
and microKjeldahl nitrogen levels were made weekly on
the same day. All patients were studied for a minimum
of 3 weeks and a maximum of 6 weeks. Not all patients
were on study for the full 6 weeks.
Vitamin assays were performed as described previ-

ously.4-’ Serum concentrations of vitamin C were deter-
mined by a colorimetric technique.’ Vitamins B1 and B2
were assessed by the activation of erythrocyte transke-
tolase and glutathione reductase, 5,6 respectively. Urine
levels of vitamin B6. niacin, and pantothenic acid were
measured by microbiological assays.~ No attempt was
made to exclude patients receiving antibiotics, although
it was appreciated that data from the microbiological
assays could be affected.
A patient was considered vitamin deficient if at least

two consecutive below-normal levels were measured.
Similarly, correction of a measured vitamin deficiency
was judged as a minimum of two subsequent consecutive
weekly normal vitamin levels following a minimum of
two consecutive below-normal levels.

Statistics

Data are presented as mean ± SEM and analyzed by
Kruskal-Wallis test and a Wilcoxon two-sample test . 8

RESULTS

The only source of vitamins in group I patients was
oral diet. Group II and III patients had intravenous
vitamin supplementation, as well as variable amounts of

TABLE II
Concentration of water-soluble vitamins in multiple vitamin solution

(MVI)

oral feedings which may also provide an unknown quan-
tity of vitamins. Before examining vitamin levels, it was
necessary to compare the oral caloric intakes of the three
groups. The mean weekly oral caloric intake (± SEM)
per patient for each group is given in Table III. There
was marked variation, but significant differences be-
tween the groups were not apparent until week 3, when
group I had a greater intake than group II. At weeks 5
and 6, the oral caloric intake was significantly greater in
the patients in group I than in those in groups II and III.
Therefore, it was concluded that, before week 5, any
differences in water-soluble vitamin levels demonstrated
were a reflection of iv supplementation, and probably
not due to variations in oral intake. This assumes that
the amount of vitamins ingested per calorie remained
the same for oral feedings in all patients. However, after
week 5, differences in vitamin levels between group I and
other groups may reflect differences in oral intake.
The weekly nitrogen balances were significantly dif-

ferent only at weeks 2 and 3, at which time the group I
patients were in a significantly more negative nitrogen
balance than group II, and groups II and III, respectively
(Table IV). The clear trend was for group I patients (not
on TPN) to be in a negative nitrogen balance, whereas
group II and III patients (on TPN + iv vitamins) tended
to be in positive nitrogen balance.

Table V lists the mean weekly intravenous calories per
patient for each of the groups. As expected, patients on
TPN (groups II and III) received significantly more
calories than group I patients after week 1.
No clinical evidence of vitamin deficiency or MVI

toxicity was detected in any patient.

Vitamins C

The recommended daily parenteral dose of vitamin C
is 100 mg.’ Group II patients received 100 mg iv daily
and group III patients 200 mg iv daily. The mean vitamin
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TABLE III
Oral calories consumed weeki-v by each group’

° Data are presented as mean ± SEM kcal/week.
b Significantly different (p < 0.05) than group II.
e Significantly different than group III.
~ All three groups significantly different.

I
TABLE IV 

I
Daily nitrogen balance analyzed weekly for each group’I ,

° Data are presented as mean ± SEM, nitrogen balance per day,
determined each week.

b Significantly different (p < 0.05) than group II.
e Significantly different than all other groups.

TABLE V
Intravenous calories for each patient group

° Data are presented as mean ± SEM intravenous calories per patient
per week.

6 After week 1, group I received significantly fewer calories than
either of the other groups.

’ Significantly different than groups II and III.

C serum levels are shown in Figure 1. Group I patients,
despite receiving no iv supplementation, maintained
above-normal mean serum levels until weeks 5 and 6, at
which time levels dropped to within normal limits. Group
II patients’ mean serum levels remained above normal
throughout the study. Group III patients’ mean vitamin
C levels were also within normal limits, but were signi-
ficantly lower in value (p < 0.05) than group II for weeks

vv,,,

FIG. 1. Mean ± SEM serum vitamin C level (mg%) is plotted us
time in weeks for three iv vitamin C dosages (0, 100 mg, and 200 mg/
day). The normal range is indicated by the dashed lines. Numbers of
determinations are shown in parentheses. Vitamin C levels were either
normal or greater than normal for all three groups during the 6-week
study. Group III patients (200 mg/day) started significantly less than
(p < 0.05) group II patients (100 mg/day), but after 3 weeks of

parenteral vitamin C administration at a dose of 200 mg/day, group III
patients had levels similar to those of Group II.

1 r::-

WEEK

FIG. 2. The mean ± SEM activity coefficient for red blood cell (RBC)
transkelatase (B,) is plotted us time in weeks for three iv vitamin Bi
dosages (0, 3, and 6 mg/day). Numbers of determinations are shown in
parentheses. RBC vitamin B, levels remained within the normal range
for all three groups during the 6-week study period. The normal range
is delineated by the dashed lines.

1, 2, and 3. By week 4, the values were above normal and
remained so through week 6.

Vitamin B1 (thiamin)

The recommended daily parenteral dose of vitamin Bi
is 3 mg.’ Group II patients received 3 mg daily, and group
III patients, 6 mg/day. All three groups, despite varying
oral supplementation, had mean RBC transketolase (B1)
levels that remained within normal limits and did not
differ significantlv from each other (Fig. 2). Three pa-
tients had two or more sequential deficient levels (Table
VI). The one patient in group II had a normal level
recorded for week 1. followed by four abnormallv low
weekly values which never corrected on 3 mg iv daily.
The two group III patients had deficient levels at weeks
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TABLE VI
Numbers of patients with taco or more sequential deficient levels

recorded

° Number of patients with deficiency is given/total number of pa-
tients studied. See Methods for definition of deficiency.

2, 3, and 5, 6, respectively. Unfortunately, neither were
followed long enough to see whether~ levels normalized
on the 6 mg/day iv vitamin dose delivered.

Vitamin B2 (Riboflavin)

Group II patients received the recommended daily
amount of vitamin B2 (3.6 mg/day iv). Group III patients
received 7.2 mg/day. Again, despite differences in sup-
plementation, all groups had mean RBC glutatione re-
ductase (B2) levels within the normal range (Fig. 3). Five
patients had deficiencies (Table VI). Two patients in
group I remained deficient from the onset throughout
the study. One patient in group II who was receiving
chemotherapy and radiation became septic, and had de-
ficient levels of vitamin B2 throughout the study. An-
other group II patient receiving adjuvant radiotherapy
became deficient 3 weeks after starting MVI. One group
III patient with metastatic disease was initially deficient,
and corrected after 2 weeks of vitamin B2 supplementa-
tion.

Vitamin B3 (Pantothenic Acid)

Group II patients received the suggested daily iv dose
of vitamin B3 (15 mg/day). Group III patients were given
30 mg/day. Urine levels of pantothenic acid (B3) for all
three groups were within normal limits. The mean levels
of group I patients who received no iv supplementation
were lower than that of group II and III patients for all
6 weeks. However, this difference was significant only at
week 3 ( p S 0.04) (Fig. 4). Only one patient in group I
had two abnormally low levels measured at weeks 2 and
3, which returned to normal thereafter (Table VI).

Vitamin B6 (Pyridoxine)

Mean urine levels of vitamin B6 in group I patients
receiving no iv supplementation remained within normal
limits for weeks 2 to 6. Patients receiving 4 mg/day of iv
pyridoxine (group II) had mean urine levels within or
just above normal levels. Patients receiving 8 mg/day
(group III) had mean urine levels above normal for most
weeks measured (Fig. 5). Deficiencies were identified in
one patient in group I and three patients in group II at
the onset of the study. Only one of the group II patients
had urine level that returned to normal by 6 weeks. No
patient in group III had abnormal levels (Table VI).

FIG. 3. The mean ± SEM activity coefficient for the red blood cell
(RBC) glutathione reductase (B2) level is plotted vs time in weeks for
three iv vitamin B2 dosages (0, 3.6, and 7.2 mg/day). Numbers of
determinations are shown in parentheses. RBC vitamin B2 levels re-
mained within the normal range despite the dose of B2 given during
the entire 6-week study period. The normal range is delineated by the
dashed lines.

FIG. 4. The mean ± SEM level (mg/24 hr) of pantothenic acid in
the urine is plotted us time in weeks for three iv pantothenic acid doses
(0, 15, and 30 mg/day). Numbers of determinations are shown in
parentheses. Urine levels for all three groups were within normal limits;
however, the levels for group I (no iv pantothenic acid) were signifi-
cantly lower than for the other two groups at week 3 (p < 0.04). The
normal range is shown by the dashed lines.

Niacin

Less than 50% of patients in the three groups had
urinary n-methylnicotinamide levels measured. How-
ever, of those measured, 40% of patients had deficient
levels, and only 11/14 patients in group II (40 mg/day
iv) had urine levels in the normal range (>3 ng/24 hr of
n-methylnicotinamide). The one patient measured in
group III (80 mg/day iv) had normal levels at all weeks
measured (Fig. 6; Table VI).

DISCUSSION

No clinical evidence of vitamin deficiency was noted
in any patient in this study, but 4-40% of the patients
who received the recommended intravenous vitamin
doses of Bi, B2, B6, and niacin had abnormally low
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F~G. 5. The mean ± SEM 24-hr urinary level in pg for vitamin
Be is plotted us time in weeks for three iv vitamin B6 doses (0, 4,
and 8 mg/day). Numbers of determinations are shown in paren-
theses. Urinary B6 levels remained within the normal range in
groups I and II. Levels were greater than normal in group III.
Normal range is given by the dashed lines.

FIG. 6. Mean ± SEM 24-hr urinary level of n-methylnicotinamide
(ng/24 hr) is plotted us time in weeks for three iv niacin doses (0, 40,
and 80 mg/day). Numbers of determinations are shown in parentheses.
Urinary n-methylnicotinamide levels remained lower than normal (>3
ng/24 hr) in groups I and II. The single patient studied in group III
had normal levels. Normal range is greater than the dashed line.

biochemical levels. Deficiency levels of these vitamins
can occur from decreased intake, malabsorption, in-
creased demands, and increased excretion. Decreased
food intake and malabsorption are common in cancer
patients receiving anti-cancer therapy;’ however, this
alone was not a cause in these patients, because they
received daily intravenous vitamin supplements. Another
cause of vitamin deficiency is increased demand for tissue
growth which has been documented in pregnancy and
childhood.l° Cancer also has an increased demand for
cell growth&dquo; which may place a greater demand on the
tumor-bearing host for vitamins. A final potential cause
of vitamin deficiency may be increased excretion of vi-
tamins or alterations in metabolic pathways which ren-
der vitamins inactive. This can occur with chemothera-
peutic agents like cisplatinum or 5-fluorouracil.l~-’ The
actual cause or causes of vitamin deficiencies demon-
strated in the patients in this study cannot be elucidated.
Significant variables like tumor burden. tumor type. type
and amount of chemotherapy, or radiation therapy were
not recorded. The goal of this study was to determine

prospectively whether the recommended daily doses of
water-soluble vitamins are adequate in cancer patients.

In the present study, assays were performed of serum,
erythrocyte, and urine vitamin levels. No attempt was
made to correlate these levels with clinical signs of vita-
min deficiency or tissue vitamin stores. However, other
investigators have examined this question. Low serum
vitamin C levels may not indicate scurvy, but persistence
of low levels are usually associated with the development
of scurvy.13 Erythrocyte transketolase measurements, as
used in this study, are a good measurement of early
thiamin deficiency before the clinical signs of deficiency
appear. 14 Erythrocyte glutathione reductase activity
coefficient measurement was employed to assess ribofla-
vin metabolic status. This has been shown to be a sen-
sitive method for this purpose.&dquo;
To measure vitamin B6, urine levels were evaluated.

Urinary excretion of vitamin B6 probably better reflects
the recent dietary intake of the vitamin than the degree
of vitamin B6 deficiency.&dquo; The addition of erythrocyte
transaminase activity may provide further useful infor-
mation in assessing vitamin B6 nutriture.14 However, this
assay was not performed.
The niacin status in the patients was assayed by meas-

uring urinary n-methylnicotinamide. This major metab-
olite of niacin has not been an entirely satisfactory
determinant of niacin deficiency. The measurement of
urine 2-pyridone, another major metabolite of niacin,
expressed as a ratio between 2-pyridone n-methylnico-
tinamide excretion, may be more efficacious in inter-

preting niacin status.&dquo; Finally, pantothenic acid nutri-
ture was followed by measuring urinary pantothenic acid
levels. Urinary excretion of this vitamin appears to cor-
relate with dietary intake.&dquo; Its usefulness in determining
pantothenic acid deficiency is not clear.

Despite the possible limitations of certain water-solu-
ble vitamin measurements, this study represents a pro-
spective evaluation of different water-soluble vitamin
dosages in hospitalized cancer patients. The results are
important, because water-soluble vitamin requirements
of a large population of patients with cancer, undergoing
various treatment modalities, have not been previously.
studied. The Recommended Dietary Allowances t RDA)
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were established based on populations with nonmalig-
nant diseases.16 The Nutrition Advisory Group of the
American Medical Association, in recommending the
daily requirements of intravenous water-soluble vita-
mins, merely doubled the highest RDA for each vita-
min.16 It was recognized that the requirements for various
disease states may be altered, but no guidelines were
given.

Vitamins C

Tissue demands for vitamin C may be increased in
certain states, such as malignancy&dquo; and conditions of
wound healing. 1, Doses of parenteral vitamin C, larger
than the daily recommended dose, are advised. Indeed,
most investigators have favored giving higher doses of
vitamin C to hospitalized patients, ranging from 210 to
2250 mg/day.lR-24 The recommended maintenance par-
enteral dose of 100 mg/day was used in one study per-
formed on home TPN patients.23 Serum or urine levels
in this study and those using much larger dosages all
were within or above normal limits. Our data concurred
with these results. A dose of 100 mg/day in patients with
a multitude of clinical problems and physiological
stresses maintained normal serum levels in all patients.
Indeed, group I patients (no parenteral vitamins given)
maintained normal serum levels as well. Therefore, it
would be our recommendation that 100 mg/day of vita-
min C per day intravenously would be adequate in on-
cology patients requiring short-term (4-6 weeks) nutri-
tional support.

Vitamin B1

The recommended daily maintenance parenteral dose
of vitamin B1 (thiamin) is 3 mg/day. It is well recognized
that thiamin requirements vary with the caloric require-
ments and energy expenditure of the patient.25 There-
fore, it is difficult to recommend a minimum daily re-
quirement to include all patients. Several recent studies
have looked at the effectiveness of daily dosages ranging
from 1.2 mg/day to 55 mg/day.23, 24, 26, 27 Two of thirty-
nine postoperative patients became deficient in thiamin,
as measured by erythrocyte transketolase activity. 27 The
authors attributed this to the severe catabolic state of
these two patients. In the present study, one postopera-
tive patient was deficient and remained so on 3 mg/day.
Two patients who received 6 mg/day became deficient:
one became septic postoperatively, and the second had a
completely obstructing esophageal cancer. Therefore, it
is recommended that daily dosages of more than 6 mg/
day be supplied to very catabolic patients. No toxic
effects of thiamin have been noted when up to 200 times
the maintenance dose is given. 21

Vitamin B2 (Riboflauin)
Riboflavin is a constituent of two of the coenzymes

involved in electron transport. Cellular growth is not

possible in the absence of riboflavin, and daily require-
ments parallel protein requirements. 2’ Two reports, one
using 1.8 mgjday2’ and the other 10 mg/dar4 describe

no measurable deficiencies in surgical patients. However,
3.6 mg/day was not sufficient for two patients in the
present study, both of whom were receiving adjuvant
therapy for their malignancies. Again, it may be advisable
to supply a larger dose than the daily recommendation.
The largest dose, 7.2 mg/day, produced no deficiencies
and measurably corrected one.

Vitamin B3

The deficiency of this vitamin is reported to be rare in
patients consuming a natural diet.18 The findings in this
study support this, in that all but one patient in group I
had normal urinary levels of pantothenic acid, and he
corrected quickly on an adequate oral diet alone. Those
patients who were supported with the recommended 15
mg/day dose delivered intravenously, maintained normal
urinary levels of the vitamin. Therefore, it is concluded
that this dose is adequate for this patient population.

Vitamin B6

There were four patients, one in group I and three in
group II who had reduced urine levels of vitamin B6-
Three of these four patients were receiving chemother-
apy. However, three patients in group I and three pa-
tients in group II who were receiving chemotherapy had
normal urine levels. No patient in group III, including
four patients on chemotherapy, had abnormal levels.
Vitamin B6 dosages as low as 2 mg daily have been

reported to maintain normal erythrocyte levels of aspar-
tate aminotransferase activity in a post-surgical popula-
tion.27 Fifteen mg daily in a group of critically ill patients
maintained normal erythrocyte levels in all patients.24
The reduced urine levels in three of our patients who
received 4 mg/day, and the fact that even very large
doses produced only minimal toxicity may support the
use of at least 8 mg/day of vitamin B6 for similar patients,
especially those undergoing chemotherapy regimens.

Niacin

The measurement of urinary n-methylnicotinamide
levels as an assessment of niacin nutrition was performed
in nearly half the patients. Forty percent of patients had
abnormally low urine levels of this niacin metabolite.
Despite receiving 40 mg daily, 3/14 patients still had
deficient urinary levels. The reason for this is unclear.
Niacin deficiencies have been associated with the pres-
ence of a malignancy.&dquo; The quantity of protein intake
and, hence, tryptophan (a precursor of niacin) availabil-
ity can affect niacin nutrition. In patients on TPN,
protein intake was adequate. It appears that 40 mg/day
of niacin may not be adequate for patients with malig-
nancies undergoing various treatments, and this dosage
should be increased.

Conclusions

This prospective study has examined the requirements
of parenteral water-soluble vitamins in a patient popu-
lation with a primary diagnosis of malignancy in all but
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one. All patients were undergoing various treatment-
related physiological stresses. No patient had any clinical
evidence of vitamin deficiency or toxicity from MVI. The
current recommended parenteral vitamin formulation
provided measurably adequate levels of vitamin C and
pantothenic acid in all patients. Deficient levels of Bi,
B2, B6, and niacin were detected in some patients receiv-
ing the recommended daily dosages. Since increased par-
enteral dosages of these vitamins have low toxicity, in-
creased daily dosages appears to be appropriate. Further
studies are needed to determine exactly what dosages are
necessary in stressed oncology patients.
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