Pancytopenia

toxicity of high-dose preparative regimens. Bronchoalveolar lavage
usually shows alveolar hemorrhage, and biopsies are typically characterized by diffuse alveolar damage, although some cases may have
a more clearly interstitial pattern. High-dose glucocorticoids or
antitumor necrosis factor therapies are sometimes used as treatment,
although randomized trials testing their utility have not been reported.
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period. Following allogeneic transplantation, engraftment can be documented using fluorescence in situ hybridization of sex chromosomes
if donor and recipient are sex-mismatched or by analysis of a variable
number of tandem repeats or short tandem repeat polymorphisms
after DNA amplification.
COMPLICATIONS FOLLOWING HEMATOPOIETIC CELL TRANSPLANT
Early Direct Chemoradiotoxicities The transplant preparative regimen
may cause a spectrum of acute toxicities that vary according to intensity of the regimen and the specific agents used, but frequently results
in nausea, vomiting, and mild skin erythema (Fig. 139e-1). Regimens
that include high-dose cyclophosphamide can result in hemorrhagic
cystitis, which can usually be prevented by bladder irrigation or
with the sulfhydryl compound mercaptoethanesulfonate (MESNA);
rarely, acute hemorrhagic carditis is seen. Most high-dose preparative
regimens will result in oral mucositis, which typically develops 5–7
days after transplant and often requires narcotic analgesia. Use of a
patient-controlled analgesic pump provides the greatest patient satisfaction and results in a lower cumulative dose of narcotic. Keratinocyte
growth factor (palifermin) can shorten the duration of mucositis by
several days following autologous transplantation. Patients begin
losing their hair 5–6 days after transplant and by 1 week are usually
profoundly pancytopenic.
Depending on the intensity of the conditioning regimen, 3–10% of
patients will develop sinusoidal obstruction syndrome (SOS) of the
liver (formerly called venoocclusive disease), a syndrome that results
from direct cytotoxic injury to hepatic-venular and sinusoidal endothelium, with subsequent deposition of fibrin and the development of
a local hypercoagulable state. This chain of events leads to the clinical
symptoms of tender hepatomegaly, ascites, jaundice, and fluid retention. These symptoms can develop any time during the first month
after transplant, with the peak incidence at day 16. Predisposing factors include prior exposure to intensive chemotherapy, pretransplant
hepatitis of any cause, and use of more intense conditioning regimens.
The mortality rate of sinusoidal obstruction syndrome is ~30%, with
progressive hepatic failure culminating in a terminal hepatorenal
syndrome. Both thrombolytic and antithrombotic agents, such as tissue plasminogen activator, heparin, and prostaglandin E, have been
studied as therapy, but none has proven of consistent major benefit in
controlled trials, and all have significant toxicity. Studies with defibrotide, a polydeoxyribonucleotide, seem encouraging.
Although most pneumonias developing early after transplant are
caused by infectious agents, in ~5% of patients a diffuse interstitial
pneumonia will develop that is thought to be the result of direct

Graft Failure Although complete and sustained engraftment is usually seen after transplant, occasionally marrow function either does
not return or, after a brief period of engraftment, is lost. Graft failure after autologous transplantation can be the result of inadequate
numbers of stem cells being transplanted, damage during ex vivo
treatment or storage, or exposure of the patient to myelotoxic agents
after transplant. Infections with cytomegalovirus (CMV) or human
herpesvirus type 6 have also been associated with loss of marrow function. Graft failure after allogeneic transplantation can also be due to
immunologic rejection of the graft by immunocompetent host cells.
Immunologically based graft rejection is more common following
use of less immunosuppressive preparative regimens, in recipients of
T cell–depleted stem cell products, and in patients receiving grafts
from HLA-mismatched donors or cord blood.
Treatment of graft failure usually involves removing all potentially
myelotoxic agents from the patient’s regimen and attempting a short
trial of a myeloid growth factor. Persistence of lymphocytes of host
origin in allogeneic transplant recipients with graft failure indicates
immunologic rejection. Reinfusion of donor stem cells in such patients
is usually unsuccessful unless preceded by a second immunosuppressive preparative regimen. Standard high-dose preparative regimens
are generally tolerated poorly if administered within 100 days of a first
transplant because of cumulative toxicities. However, use of regimens
combining, for example, fludarabine plus low-dose total-body irradiation, or cyclophosphamide plus antithymocyte globulin, has been
effective in some cases.
Graft-Versus-Host Disease GVHD is the result of allogeneic T cells
that are transferred with the donor’s stem cell inoculum reacting with
antigenic targets on host cells. Acute GVHD usually occurs within the
first 3 months after transplant with a peak onset around 4 weeks and
is characterized by an erythematous maculopapular rash; by persistent
anorexia or diarrhea, or both; and by liver disease with increased serum
levels of bilirubin, alanine and aspartate aminotransferase, and alkaline
phosphatase. Because many conditions can mimic acute GVHD, the
diagnosis usually requires skin, liver, or endoscopic biopsy for confirmation. In all these organs, endothelial damage and lymphocytic infiltrates are seen. In skin, the epidermis and hair follicles are damaged; in
liver, the small bile ducts show segmental disruption; and in intestines,
destruction of the crypts and mucosal ulceration may be noted. A commonly used rating system for acute GVHD is shown in Table 139e-1.
Grade I acute GVHD is of little clinical significance, does not affect
the likelihood of survival, and does not require treatment. In contrast,
grades II to IV GVHD are associated with significant symptoms and
a poorer probability of survival, and they require aggressive therapy.
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Figure 139e-1 Major syndromes complicating marrow transplantation. CMV, cytomegalovirus; GVHD, graft-versus-host disease; HSV,
herpes simplex virus; SOS, sinusoidal obstructive syndrome (formerly
venoocclusive disease); VZV, varicella-zoster virus. The size of the
shaded area roughly reflects the period of risk of the complication.

Late Direct Chemoradiotoxicities Late complications of the preparative
regimen include decreased growth velocity in children and delayed
development of secondary sex characteristics. These complications
can be partly ameliorated with the use of appropriate growth and sex
hormone replacement. Most men become azoospermic, and most
postpubertal women will develop ovarian failure, which should be
treated. However, pregnancy is possible after transplantation, and
patients should be counseled accordingly. Thyroid dysfunction, usually well compensated, is sometimes seen. Cataracts develop in 10–20%
of patients and are most common in patients treated with total-body
irradiation and those who receive glucocorticoid therapy after transplant for treatment of GVHD. Aseptic necrosis of the femoral head is
seen in 10% of patients and is particularly frequent in those receiving
chronic glucocorticoid therapy. Both acute and late chemoradiotoxicities (except those due to glucocorticoids and other agents used to
treat GVHD) are considerably less frequent in recipients of reducedintensity compared to high-dose preparative regimens.
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