
response, based on CT, FDG-PET and serum CA-!25, was
achieved after two MAb cycles given intravenously.

CASE REPORT
A 71-yr-old woman was referred to our clinic with metastatic,

chemotherapy-refractive ovarian cancer. The patient first presented
with a pelvic mass in February 1993 and underwent total abdom
inal hysterectomy, bilateral oophorectomy and omentectomy. His
topathology revealed a high-grade, mixed, clear-cell endometrioid
ovarian cancer. At the time of surgery, the ovarian mass was
adherent to the bowel. However, the omentectomy did not reveal
any evidence of tumor and the disease was considered to be Stage
II. After surgery, she received four cycles of adjuvant chemother
apy with carboplatin and cytoxan, in addition to decadron, from
March 1993 to May 1993. However, in March 1994, the patient
presented with pain in the pelvis, and a CT revealed recurrent
ovarian cancer with diffuse seeding on the surface of the liver and
the mesentery and fluid collection in the pelvic cul-de-sac. The
patient then received intravenous salvage chemotherapy with Taxol
from April 1, 1994, until May 17, 1994. The disease did not
respond to chemotherapy, and there was clinical evidence of disease
progression. The serum CA-l25 level was 2137 U/mI, and a CT scan
performed on June 7, 1994, demonstrated marked progression of
disease with multiple peritonea! implants and advanced ascites. How
ever, the patient's plasma CEA was normal (<2.5 ng/ml). Due to her
chemotherapy-refractivedisease the patient was then consideredfor
radioimmunotherapy with radiolabeled MAbs and was referred to our
center for initial antibody targeting studies and subsequent therapy.
The baseline CT study, performed on July 25, 1994, continued to
demonstrate extensive peritoneal carcinomatosis with involvement of
the surface of the liver.

On July 26, 1994, the patient first received an 8-mCi (0.7 mg)
infusion of CDR-grafted (humanized) â€˜@â€˜I-MN-l4IgG intrave
nous!y (6), and 1 wk later, the patient received another diagnostic
8-mCi infusion ofmurine MN-l4 IgG (0.6 mg) intravenously. Both
studies demonstrated intense uptake in the abdominal cavity
consistent with peritoneal carcinomatosis. On August 9, 1994, the
patient received 73.8 mCi (5.3 mg) therapeutic intravenous doses
of murine â€˜311-MN-14IgG on an inpatient basis. This dose was
based on a level of 40 mCi/m2 that was allowed at the time by our
protocol. Even though the patient had a low human antimouse
antibody (HAMA) titer of 168 ng/m! at the time of the therapy
study, the post-therapy scans showed intense uptake in the perito
neal cavity, similar to that seen after the diagnostic infusion (Fig.
1). Two weeks post-therapy, the patient's HAMA titer reached a
maximum of 390 ng/ml. However, the HAMA titer gradually
declined over the next 6 wk and was within norma! limits (<74
ng/ml) 2 mo later.

One month after the treatment, a CT scan of the abdomen and

Advanced chemotherapy-resistant ovarian cancer has a poor prog
nosis, thus requiring new therapeutic modalities. A complete clinical
remission, using two cycles of 131l-labeled murine MN-14 anti-CEA
monoclonal antibody (MAb), given intravenously, is reported in a
patient wfth advanced ovarian cancer refractory to paclitaxel (Taxol)
therapy. The patient first recewed radioimmunotherapy wtth -@74
mCi 131l-MN-14 lgG, followed 4 mo later by a similar dose of
radiolabeled MAb.A partial remission was seen by CT 1 mo after the
first radioimmunotherapy, and a further objective response was
documented after the second radioimmunotherapy. CT scans per
formed 6 and 11 mo after the second radioimmunotherapyshowed
stable and minimal residual changes. However, a whole-body PET
scan wfth [18FJfiuorodeoxyglucose (FDG-PET)was negative in these
regions.The CA-125also decreased to only 13 U/mI,compared to
the baseline value of 7700 U/mI. Based on CT, FDG-PET, serum
CA-125 and physical exam, the patient was in complete clinical
remission for 8 mo when the CA-i 25 levels rose. CT also showed a
new suspicious lesion, presumably a peritoneal implant. No toxicity
was seen after the first injection, and only Grade 1 thrombocytope
nia and Grade 2 leukopenia developed after the second injection,
both reversing within 6 wk. This is a report of a complete clinical
remission with radiolabeled anti-CEA antibodies in a patient with
chemotherapy-refractive metastatic ovarian cancer.

Key Words ovarian cancer iodine-i 31-labeled anti-CEA monoclo
nal antibody; radioimmunotherapy
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In1995,ovariancancerwillaccountforanestimated14,500
or 6% of all cancer deaths in American women (1). Unfortu
nately, in most patients, the disease is diagnosed at an advanced
stage and has spread beyond the ovary to involve the pelvis or
peritoneal cavity (2). Despite the availability of several effec
tive chemotherapeutic agents for the treatment of ovarian
cancer, survival is still poor, with a 5-yr survival rate of only
40% (1). Ovarian cancer is known to produce carcinoembryonic
antigen (CEA), and the plasma CEA level is frequently elevated
in patients with advanced stage and amount of tumor (2,3).
Moreover, Goldenberg and associates have reported a high
CEA content, ranging from 115 to 17,800 ng/g in malignant
ovarian tumors, even when the plasma CEA level was normal
(4). These findings are consistentwith reportsof other investi
gators that tumors manufacturing CEA do not necessarily
secrete it into the circulation (5).

As part of an ongoing Phase I radioimmunotherapy trial in
ovarian cancer with 13â€˜I-labeledMN- 14 anti-CEA monoclonal
antibody (MAb), we report a case in which a complete clinical
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mo after the second radioimmunotherapy did not show any change
in the putative residual fibrosis. Furthermore, the serum CA-125
was now only 13 U/rn!. Thus, based on CT, PET and serum
CA-125, the patient was considered in complete clinical remission.
She remained in remission for 8 mo, when the CA- 125 levels rose
again and CT showed a new suspicious lesion, presumably a
peritoneal implant. The patient developed a Grade 2 leukopenia
(WBC 2900) 6 wk after the second radioimmunotherapy but
recovered completely within 6 wk without intervention. A Grade 1
thrombocytopenia developed at 4 wk after radioimmunotherapy
but recovered rapidly within 1 wk. Two weeks after the second
radioimmunotherapy, HAMA again developed, and the HAMA
level remained elevated at 5474 ng/m! at 13 mo after the second
radioimmunotherapy.

Due to the diffuse nature ofdisease in this patient, the associated
ascites and the limited spatial resolution of the gamma camera, we
were unable to calculate the radiation dose to focal tumor sites.
However, since the patient developed a low level of HAMA after
the first therapeutic infusion, further studies were performed to
examine the possibility of an anti-idiotypic response in this patient.
For this purpose, samples ofthe patient's plasma taken before each
injection and at various times thereafter were analyzed by size
exclusion high-performance liquid chromatography (HPLC) to
determine if there was any reactivity with radio!abe!ed humanized
MN-14. The humanized MN-14 carries the idiotypic murine region
of the antibody, and therefore complexation of the antibody with
the patient's plasma is indicative of an anti-idiotypic response (6).
However, complexation of the labeled humanized MN- 14 can
occur with CEA as well as with an anti-idiotypic antibody. When
the plasma is heat-extracted (90Â°Cfor 15 mm), only CEA will
remain in the plasma while other proteins, including the antianti
bodies, will be denatured and precipitated (7,8). Complexation of
humanized MN-l4 in a heat-extracted plasma is then only related
to CEA. Thus, the percentage of complexation in a heat-extracted
serum is subtracted from the nonheat-extracted sample, to deter
mine if an anti-idiotypic response can be implicated. According to
our preliminary data, if a residual percentage is >10%, it is highly
suggestive of an anti-idiotypic response (6). Our findings indicated
no difference between the heat-extracted and nonheat-extracted
sample 1 mo after the treatment with murine MN-l4. Furthermore,
2 mo after the first radioimmunotherapy, there was evidence of a
relatively minor anti-idiotypic response (only 16% residual corn
plexation). Two months later, at the time of the second radioim
munotherapy, there was no significant anti-idiotypic response

FiGURE2.CTscanoftheabdomen2wk
before the firstradioimmunotherapywfth
radiolabeled MN-14 (top) and 3.5 mo
post-therapy (bottom) shows complete
regression of capsular liver metastases
(A).CTscan of the peMs 2 wk beforethe
first radioimmunotherapywfth radiola
baled MN-14 (top) and 3.5 mc post
therapy(bottom)showscompleteregres
sion of peritoneal implants previousty
apparent as â€œpancakingâ€•and resolution
of ascites (B).

A

FIGURE1. Mterior abdomen and pelvisplanar images 168 hr after diag
nosticinfusionof8 mCi @A)and therapeuticinfusionof â€”74mCi(B)ofmunne
131l-MN-14lgG.Both imagesdemonstratetargelingof abdominaland peMc
peritoneal carcinomatosis and accompanying ascites.

pelvis showed a marked improvement (>50% reduction) in the
extent ofperitonea! implants and the associated ascites. In addition,
there was a marked regression of capsular liver metastases and
metastases in the porta hepatis. Three months after therapy, a new
CT scan showed a complete regression of the capsular liver
metastases (Fig. 2A) and further reduction in peritoneal implants,
with only isolated pockets ofascites and cystic collections left (Fig.
2B). The serum CA-125 decreased from 7700 U/ml 1 wk after
therapy (baseline value) to 4340 U/m! 1 mo thereafter and to only
60 U/mI 3 mo later (normal range, 0â€”35U/rn!) (Fig. 3). The
CA-125 values were measured using an assay that is resistant to
HAMA. No hemato!ogic or nonhematologic toxicity was seen after
the first radioimmunotherapy. Even though the patient had a partial
remission both by CT and biochemical markers for 4 mo, residual
disease was still seen by CT in association with an elevated serum
CA-125 titer (60 U/rn!). Therefore, the patient was given another
intravenous l3II@14 IgG dose.

On December 6, 1994, or 4 mo after the first radioimmuno
therapy, the patient was given 74.4 mCi (5.3 mg) of murine
I3II@l4 IgG intravenously. The post-therapy scan showed

considerably less uptake in the peritoneum; however, there was still
evidence of residual disease by the antibody scan. Subsequent CT
scans performed over the next 6 mo after the second treatment
showed progressive reduction oftumor. A CT scan performed 6 mo
after the second radioimmunotherapy showed only minimal resid
ual changes. However, a whole-body PET scan with [â€˜8F]FDG
PET performed at that time showed no evidence ofdisease in these
regions, or elsewhere in the body (Fig. 4), probably suggesting that
the CT findings represent fibrosis. Another CT scan performed 11
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FIGURE3.GraphicaldepletionofserumCA-125changeswithtimeafterthefirstandsecondradioimmunotherapy.NormalCA-125levelis< 0-35U/mI.The
values were obtained using a HAMA-resistantCA-125assay.

important to note the possibility that radiation doses much
higher than the average dose of 400 cGy may have been
delivered to individual small peritoneal implants or clusters of
tumor cells in the malignant ascites.

The other possibility is that the antitumor effects may be
related to the induction of an anti-idiotypic antibody (i.e., Ab-2
antibody), which could then elicit an active humoral immunity
through the formation of Ab-3 antibody (i.e., anti-anti-idiotypic
antibody) (9). In this patient, there was no evidence of an Ab-2
antibody until two months after the first radioimmunotherapy,
and since the antitumor response was already apparent one
month after the first radioimmunotherapy, it is unlikely that the
initial response was caused solely by Ab-3 antibody. However,
we cannot exclude that cellular immunity developed in response
to the murine immunoglobulin infusions and contributed to
these antitumor effects, particularly since the patient developed
HAMA at the time of the therapy study. Indeed, Kosmas et a!.
(10) have reported that ovarian cancer patients receiving murine
monoclonalantibodytherapydevelopT-cells that proliferate in
vitro in response to these antibodies as antigens. Also, Bast et
a!. (11) have reported that the activation of cellular immunity
through Corynebacterium parvum i.p. administration leads to
responses in patients with minimal i.p. disease documented on
second look laparotomy or laparoscopy. Support of the role of
immunological mechanisms is also based on the observation of
extended survival ofpatients with advanced ovarian cancer who
have developed anti-idiotypic HAMA responses after immu
noscintigraphy with 99mTc!abe!ed anti-CA-l25 antibodies,
compared with their historically expected poor survival (12), or
compared with patients who remained HAMA-negative after
the antibody infusions (13). It is therefore conceivable that the
synergistic effects of radiation and immunological activity are
responsible for this marked antitumor response.

(6.5% residual complexation). However, 2 wk after the second
treatment, an anti-idiotypic antibody was clearly detectable (11.9%
residual complexation), reaching a maximum 2 mo after therapy.
This response was still persistent 17 mo thereafter, when the last
assay was performed.

DISCUSSION
The impressive response in this patient presented in this case

report is interesting for several reasons. First, the response was
seen in a patient with advanced ovarian cancer refractory to
chemotherapy; antitumor responses were seen despite a large
tumor burden and with relatively low doses of radioactivity
(<75 mCi of 1311) Second, the treatment could be repeated in
this patient after a 4-mo interval despite the development of
HAMA, and an additional response was achieved. Finally, no
toxicity was seen after the first radioimmunotherapy, and only
a Grade 1 thrombocytopenia and Grade 2 leukopenia developed
after the second radioimmunotherapy, with both reversing
within only 6 wk.

An important issue is whether this rather dramatic response is
attributed to nonspecific radiation, tumor-targeted radiation
and/or immunological mechanisms which could trigger host
effector functions directed against the tumor cells (9, 10). Even
though some of the diffuse tumor uptake seen in this patient
may be due to nonspecific MAb accumulation, resulting in
nonspecific radiation ofthe ascites fluid in the peritoneal cavity,
our dosimetric calculation indicated that the putative nonspe
cific radiation dose delivered to the ascites fluid or peritoneal
space was only 400 cGy, a dose unlikely to result in this
dramatic response. Thus, it is much more likely that specific
targeted radiation to the diffuse small implants played a more
significant therapeutic role. Due to the diffuse nature of disease
in this patient, the associated ascites and the limited spatial
resolution of the gamma camera, it was impossible to calculate
the radiation dose to these focal tumor sites. However, it is
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V

demonstrates the necessity of thyroid imaging in patients with
nontoxic autonomously functioning thyroid adenomas when there is
a change in nodule size orthyroid function which requires treatment.

Key Words autoinfarction; autonomously functioning thyroid ade
noma; Graves' disease

J NucI Med 1997;38250-262

A patient whose nontoxic autonomously functioning thyroid ade
noma had been stable for at least 3 yr developed enlargement of the
nodule and hyperthyroidism. It was assumed the hyperthyroidism
was caused by evolving toxicity in the autonomous adenoma, but
imaging showed the nodule had undergone infarction and the
hyperthyroidism was secondary to Graves' disease. This case

HyperthyroidismcanbecausedbyautoimmuneGraves'
disease (GD) or be secondary to increased function in nodules
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FIGURE4. Coronalimagesofa whole-bodyPETscanwith[18F]FDG-PET
shows noevklenceofdisease 11moafterthe initialtherapywithradiolabeled
anti-CEAantibodies.Theimagesproceedfromleftto right,startingfromthe
anteriorto the posteriorpart of the body.

CONCLUSION
This case demonstrates the prospect of achieving excellent

targeting and antitumor responses in ovarian cancer with
intravenously administered antibodies directed against carcino
embryonic antigen. Therefore, further studies are in progress to
confirm this finding and to elucidate the mechanisms involved
in tumor response.
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